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ESSAYS ON INTRAHOUSEHOLD ALLOCATION AND THE TAMILY:
FERTILITY, CHILD EDUCATION, AND NUTRITION

Alemayehu Azeze Ambel, Ph.D.
Western Michigan University, 2007

Understanding the constraints that households face when making decisions on
fertility, education, and health is beneficial for effective interventions aimed at enhancing
investments in human capital, promoting gender equity, and reducing poverty. This
dissertation consists o f four essays that analyze the nature, performance, and
determinants o f fertility, child education, and nutritional status in a developing economy.
The first essay identifies peculiar constraints, including gender preference and
income uncertainty that households face when making fertility and schooling choices.
The underlying assumption in the theoretical analysis is that in the absence o f formal risk
and capital markets, households may revert to informal risk sharing arrangements with
their children. In addition, parents take into account gender differences in labor market
outcomes. Given this premise, fertility and schooling choices are analyzed using expected
utility and parental and children’s lifetime income functions. The results show that
gender preference augments the effect o f income uncertainty on fertility. In this setting,
family size and composition have gender-differentiated impacts on education.
The second and third essays test the theoretical results using the Ethiopia
Demographic and Health Survey data. The second essay estimates alternative
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specifications of count data models o f lifetime fertility goals for different sample
categories. The models are controlled for possible sample selection bias due to non
response in the data. Results confirm that the presence o f gender preference augments the
impact of income uncertainty on fertility, particularly in rural households.
The third essay examines children’s school enrollment status and highest grade
attained. Results from binary and ordered probit as well as fixed effect models show that
disaggregating the household by gender and age reveals important information on the
relationship between family size and education. Most importantly, the effects o f family
size and composition are larger on the girls’ education than on the boys’.
The fourth essay analyzes the effect o f maternal education and its pathways on
child nutrition.

The pathways examined are health-seeking behavior, knowledge of

health and family planning, reproductive behavior, and socioeconomic status. Logistic
regression results show that maternal education and its pathways are more relevant and
robust in explaining chronic than acute child malnutrition.
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CHAPTER I
INTRODUCTION
Households in developing countries face peculiar constraints when making decisions on
such choices as fertility, children’s education, and health. Understanding the nature o f
these constraints is beneficial to facilitate investments in human capital, promoting
gender equity, and reducing poverty. A vast body o f research documents that child
education and health outcomes are greatly shaped by parental characteristics and fertility
choices. The literature indicates that a consensus emerges in certain aspects o f the
relationships between the household’s demographic structure, parental characteristics,
and human capital outcomes. However, there is a broad disagreement on the role and
performance o f selected demographic variables and parental characteristics on different
markers o f education and health outcomes. For instance, the evidence on the impact of
family size on education is mixed (Qian, 2006). Likewise, the claim that maternal
education is the primary predictor o f child health (Glewwe, 1999) is challenged by lack of
consensus on the linkages (Frost, Forste, and Haas, 2005) and generalization to different
types of child malnutrition (Webb and Block, 2004).
This dissertation examines the nature, performance, and determinants o f fertility,
child education, and nutritional status. It is motivated by the fact that actual total fertility
is high in many areas o f countries in Africa and is strongly related to desired fertility
(ORC Macro, 2005). Also, gender disparities in schooling are substantial in the region
(United Nations Children’s Fund [UNICEF], 2003; United Nations Educational,
Scientific and Cultural Organization [UNESCO], 2002, 2003, 2005). Child malnutrition
is an important public health issue in these countries. The evidence shows that it is one of

1
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the leading causes o f child death in developing countries (Black, Morris, and Bryce,
2003).
The dissertation consists o f four essays [Chapters 2-5]. Following Appelbaum and
Katz (1991), the first essay outlines the theoretical background to analyze fertility and
children’s schooling choices in the presence o f selected constraints, namely, parental
gender preference and income uncertainty. The underlying assumption is that in the
absence o f formal risk and capital markets, households may revert to informal risksharing arrangements with their children. In addition, parents may take into account
gender differences in labor market outcomes. In light of this premise, fertility and
schooling choices are analyzed using expected utility and parental and children’s lifetime
income functions. By introducing gender-differentiated income and education production
functions o f children, the study as such modifies the Appelbaum and Katz model. The
results show that gender preference augments the effect o f income uncertainty on fertility.
In this setting, family size and composition have gender-differentiated impacts on
education.
The second, third, and fourth essays offer empirical evidence. The second and
third essays test the theoretical results o f the first essay on fertility and child education.
The fourth essay is on the relationship between maternal education and child nutrition.
The empirical investigation uses the Ethiopia Demographic and Health Survey (EDHS)
data conducted in 2000 and 2005 (Central Statistical Authority and ORC Macro, 2001,
2006). The Ethiopian experience offers an interesting sub-Saharan Africa perspective
because the country’s demographic and human capital profile exhibit high actual and
desired fertility rate, considerable gender disparities in schooling, and substantial
prevalence o f child malnutrition. The EDHS data is nationally representative and contains

2
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extensive information on a wide array o f variables related to fertility and family planning,
maternal and child health, and several other household demographic and socioeconomic
characteristics.
The second essay estimates the impact o f gender preference and income
uncertainty on one’s fertility desires. The study estimates alternative specifications of
count data models o f lifetime fertility goals for different sample categories. The models
are controlled for possible sample selection bias due to non-response that was exhibited
in the survey data. Results confirm that the presence o f gender preference augments the
impact o f income uncertainty on fertility, particularly in rural households.
The third essay deals with the effect o f family size and gender on children’s
education. It examines educational outcomes o f primary school-aged children. Two
measures o f education are considered: current school enrollment status and highest grade
attained. Enrollment status is a binary variable classified as “enrolled” and “not enrolled;”
highest grade attained is a variable measured by three ordered values. These are “no
education,” “first primary cycle,” and “above the first primary cycle.” Binary probit
models are used to estimate current enrollment, and censored and uncensored ordered
probit models are used to estimate highest grade attained. In addition, both current
enrollment and highest grade attained are estimated by enumeration area fixed effects to
address possible neighborhood effects and heterogeneities in fertility behavior. The
models are estimated for various sample categories. The results show that disaggregating
the family size by gender and age reveals important information on the relationship
between family size and education. Most importantly, the effects o f gender and age
composition o f the household are larger on the girls’ education than on the boys’.

3
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The fourth essay deals with another component o f human capital: child health. It
analyzes the effect o f maternal education and its pathways on child nutritional status in
the short and long term. Short-term, or acute, malnutrition measures if the child is wasted
or not as measured by weight to height z-scores. Long-term, or chronic, malnutrition
measures whether the child is stunted or not as measured by height to age z-scores. The
pathways examined are health-seeking behavior, knowledge o f health and family
planning, reproductive behavior, and socioeconomic status. Logistic regression results
show that maternal education and its pathways are more relevant and robust in explaining
chronic than acute child malnutrition. Socioeconomic status is the most important
pathway linking maternal education and child nutritional status in the short and long term

4
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CHAPTER II
FERTILITY AND SCHOOLING CHOICES IN THE PRESENCE OF GENDER
PREFERENCE AND INCOME UNCERTAINTY: A THEORETICAL
BACKGROUND

2.1 Introduction
This study explores household decisions on lifetime fertility goals and human capital
choices in developing countries in the presence o f parental gender preference and income
uncertainty. Parental gender preference and income uncertainty are among the important
determinants o f fertility and human capital outcomes o f children in developing countries.
As a result, there is a considerable amount o f theoretical and empirical work on fertility
and income uncertainty (e.g., Appelbaum and Katz, 1991; Cain, 1981, 1983; Datta and
Nugent, 1984; Vlassoff and Vlassoff, 1980). There is also extensive empirical evidence
on the measurement, determinants, and impacts o f parental gender preference (e.g.,
Arnold, 1985; Bhat and Zavier, 2003; Lee, 1995; Lee and Paik, 2006; Leone, Matthews,
and Zuanna, 2003; Leung, 1991). However, there exists little work that links fertility,
human capital, and parental gender preference and income uncertainty. It is therefore the
intent o f this study to narrow this gap in the literature.
The underlying assumption that drives this study is that parents take into account
gender differences in labor market outcomes when they decide on their fertility goals,
which may also affect human capital investment on children. In addition, in the absence
o f formal risk and capital markets, households in developing countries may revert to
informal risk-sharing arrangements with their children (Appelbaum and Katz, 1991; Cain,
1981, 1983). Therefore, exploring the combined effects o f gender preference and
uncertainty would provide a better understanding o f households’ decisions on fertility and

5
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human capital choices. To this end, the study addresses the following questions: First, is
one’s lifetime fertility goal influenced more in the presence o f parental gender preference
and uncertainty than under uncertainty only?

Second, if parental gender preference is

motivated by income security concerns, do parents invest more on the schooling of
children with the preferred gender? Third, is it the fertility level per se or the number of
children with the preferred gender that drives the relationship between sibling size and
schooling outcomes?
The study is motivated by the fact that many developing countries in Africa
maintain a high level o f desired and actual fertility (ORC Macro, 2005), a low level o f
human capital investment, and substantial gender disparity in educational and nutritional
outcomes (e.g., Jensen, 2002; Tarozzi and Mahajan, 2007; United Nations Educational,
Scientific and Cultural Organization [UNESCO], 2005). Moreover, in these countries,
actual, and desired fertility levels are closely related (Figure 2.1). Figure 2.1 presents
coordinates o f desired and actual fertility rates compiled from various Demographic and
Health Surveys o f selected African countries (ORC Macro, 2005). The figure shows that
both desired and actual fertility rates are well above the long-run replacement levels. The
figure also clearly shows the positive association between desired and actual fertility rates
in these countries.

6
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Figure 2.1. Actual and Desired Fertility
(Selected African Countries1)
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D e s ir e d F e rtility

The contribution of this paper stems from its development o f a simple theoretical
framework that can describe and link lifetime fertility goals and human capital to the
presence o f parental gender preference and income uncertainty. This study modifies and
expands earlier theoretical models on fertility and income uncertainty (e.g., Appelbaum
and Katz, 1991).

The modified model explicitly distinguishes the uncertain lifetime

income functions o f siblings o f different gender. As such, this study presents a more
realistic approach to the existing models o f fertility and parental choices o f children
schooling and nutritional status in developing countries.
T he rest o f the paper proceed s as fo llo w s. T he n ext section p rovides the m odel. It

first discusses the implications o f uncertainty and gender preference on lifetime fertility

1 The two-digit numbers inside the plot indicate survey year, e.g., Ben_01= DHS in Benin in 2001. The
three letters are: Ben=Benin; Bur=Burkina Faso; Cam=Cameron, Cha=Chad, Eri=Eritrea; Eth=Ethiopia,
Gab=Gabon; Gha=Ghana; Gue=Guinea, Ken=Kenya; Mad=Madagascar; Mal=Malawi; Mau=Mauritania,

7
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goals. Then the analysis is extended by including children schooling in the model.
Section 2.3 presents summary and conclusions.

2.2 The Model
2.2.1 A Model of Fertility, Gender Preference, and Income Uncertainty
This section presents a model that shows how income uncertainty and gender preference
influence fertility decisions. In this model, a risk-averse family, comprising parents and
children, maximizes the following von-Neumann-Morgenstem expected utility function
choosing the number o f children, n:
MaxE[U{Z)\

(2.1)

n> 0

where Z is consumption per family member, and U(.) is a concave and twice
differentiable utility function, i.e., U ’(Z) > 0 and U"(Z)<0. The family is altruistic and is
concerned about consumption per family member, which is a function o f total income o f
the family and the cost o f children.
The traditional variables in fertility decisions, i.e., choosing the number o f
children, n, are derived from direct and indirect costs o f raising children (Becker, 1960;
Becker and Lewis 1973; Willis, 1973), as well as socio-cultural and demographic factors
(Easterlin, 1975). Nevertheless, the literature has long recognized the role o f income
uncertainty on fertility in developing countries (e.g., Appelbaum and Katz, 1991; Cain,
1981, 1983; Datta and Nugent, 1984; and Vlassoff and Vlassoff, 1980).

This study

follows Appelbaum and Katz (1991) in assuming that children do not provide direct
utility to the family. But the sole reason that drives the demand for children is risk

Moz=Mozambique; Nam=Namibia;
Uga=Uganda; and Zim=Zimbabwe.

Nig=Nigeria,

Rwa=Rwanda,

Sen=Senegal,

8
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Tan=Tanzania,

aversion. While this assumption is strong, the available theoretical and empirical
literature supports the view that income uncertainty exerts an essentially important
influence on fertility decisions in developing countries. As noted by Bhaumik and Nugent
(2002), some studies on fertility in developing countries tend to elevate the role of
“uncertainty to primary position as an explanation for why fertility rates are so high in
these countries, and especially in rural areas thereof.”
To introduce uncertainty into the model, this study considers the case where
parents and children have different uncertain lifetime income functions. Unlike previous
studies (e.g., Appelbaum and Katz, 1991) this study further distinguishes the lifetime
income o f children by gender. This modification is based on the idea that there exist
several cultural constraints that motivate parents to form different expectations about the
lifetime earnings o f their daughters and sons. In order to incorporate this phenomenon
into the model, parental gender preference motivated by income security concerns is
introduced. Accordingly, a given family will have n number o f children where qn children
are sons and the remaining (1 -q)n children are daughters, and 0<<y< 1.
Another important condition is that parents in developing countries generally
prefer sons but do not have control over the gender o f their children. Demographers have
long recognized the role o f gender preference on fertility, and as a result there exists a
vast literature on the measurement and impact o f gender preference (e.g., Arnold, 1985).
The literature indicates that parental preference for boys over girls could be due to a
number o f economic or cultural reasons (e.g., Cain, 1984; Baht and Zavier, 2003;
Schultz, 1997). For instance, Schultz (1997) mentions that net economic productivity,
the remittance rate, and other non-economic value to parents are some o f the reasons why
the contribution o f boys may exceed that o f girls. He further notes that, “whatever the

9
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reason, it is clear that some cultures exhibit a stronger preference for sons than do other
cultures.” Studies also indicate that the preference for sons is common in some Asian
countries (e.g., Lee, 1995; Lee and Paik, 2006; Leone, Matthews, and Zuanna 2003;
Leung, 1991). However, evidence is available in other developing regions, too. For
example, in Ethiopia, Short and Kiros (2002) find that “both husbands and wives prefer
to have sons and daughters, but more sons overall.”
Also, it is assumed that there is no selective abortion. However, the technology for
fertility control is available. In the absence o f selective abortion, parents know only that
as n increases, the desired number o f children with the preferred gender increases, i.e., the
larger the fertility level the family maintains, the larger the number o f children with the
preferred gender. Therefore, a desire to raise qn brings about an increase in total family
size. 2
Given the above assumptions, the specification o f the uncertain lifetime incomes
o f parents and children are presented as follows. First, the parents’ lifetime income is
given by
(2 .2 )

Pt = P + y e , , i = l , 2
where P t is parental lifetime income, P is the expected value o f

y is the standard

deviation and determines the spread, and e,-’s are iid normal random variables. Similarly,
Equations (2.3) and (2.4) below provide the uncertain lifetime income o f sons (SJ) and
daughters (£)/) respectively.
S j = S + 8 s j , j= 1, 2, . ..,qn; 0<q<\

(2.3)

D, = D + d e n 1=1,2, ...„(l-q )n

(2.4)

Although 0<<7<1, the domain for qn and (1 -q)n is non-negative integer.

10
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where S is the expected value o f Sj; D is the expected value o f Dy, d and 0 are the
standard deviations and determine the spread in Equations (2.3) and (2.4), respectively;
e /s and e/’s are iid normal random variables. Son preference is based on the assumptions
that (1) given income, sons’ lifetime income is more certain than daughters’ lifetime
income, i.e., S < 0, or (2) sons’ mean income is larger than daughters’ mean income, i.e.,
S >D .

Since the interest in this study is to investigate uncertainty and lifetime fertility

goals, we focus only on the first condition.
Therefore, first, the total income o f the family is determined in order to determine
consumption per family member. The total gross uncertain lifetime income o f the family
is the sum o f the income o f the parents and o f their children.3
2

qn

(l-q )n

Y = £/> + £ £ .. + I
i=i

j=i

D,

(2.5)

i=i

Consumption per member is therefore given by
( 2 . 6)

2+n

where Y is total uncertain lifetime income o f the family and C(n) is a cost function.
Respectively, the first and the second derivative o f the cost function with respect to n are
C' (n) >0 and C"(n)>0. Also, Z is normally distributed with mean E(Z) and variance
Var(Z):
= 2P + qnS + ( 1 - q)nD - C(n)
n +2
Var(Z) = 2 r ! + q m 1 + (l - q ) „ e !
(n + 2)

^

(2 g)

3 The assumption o f altruistic family would allow combining the family member’s income. Then
consumption is equalized through income transfer among members. In this specification the assumption is

11
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Let Z be a mean preserving spread o f Z such that E(Z) = E (Z ). To incorporate uncertainty
in the model, Z is specified in terms o f its mean, a(n) and standard deviation, j8(n) ,
following Appelbaum and Katz (1991):
Z = a(n) + P(n)e

(2.9)
\_

where «(«) = E ( Z ); j3(ri) = (2Y + g”8 + d d)nQ )
(n +2)

• an(j s

^ error.

Thus the effect o f an increase in n on the mean o f Z is given by
<*»(”) = a , (n)

2W

+ 0 ~ 1)»

dn

- PI+ c (”) ~ (" + 2)c ' (")

o .io i

(n +2 )2

Similarly the effect o f n on the spread o f mean income is given by4
d m

s

= 2[g5 2 + (1 - g )9 2 —2y2 ] —n[q?>2 + ( l - g)6 2]

dn

' 2 {^

2 (n + 2)p (n)

The assumption that any demand for children is solely based on risk aversion
implies that /?'(n) < 0 , and from Equation (2.11) this is so if either n>2, which is the
replacement level o f fertility, or qS2 + ( l - q ) 8 2 < 2y2 or both. Now, given a'(n) and
fi'(n), the next step is to solve the family’s utility maximization problem given by
Equation (2.1). The inequality constraint associated with the number o f children implies
the following Kuhn-Tucker condition:
E {p \Z )[a \n ) +P \n )£ )^< 0 < n

(2.12)

where E[.] <0, E[.]n=0, and n>0. Then, rearranging Equation (2.12) yields

strong because consumption is equalized across members. However, the essence will not affected if
members were to transfer only part o f their lifetime earnings.
4 Equation (2.11) is obtained after some steps and term rearrangements starting from the following
expression,

<f(P(«))

-

+«<7§2 + n ( l - q ) Q 2) 1 (q&2 + (1 - ^ )0 2)(k + 2) - (2y2 +nq&2 + n ( l - q ) 0 2)4
(n + 2) 2

dn
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a'(n)E[U'(Z)] + ]3'(n)Cov[U'(Z),£}<0

(2.13)

where Cov[U'(Z),s] = E[U'(Z)s]. Since E(e)=0 and U ”<0, then Cov\U\Z),s~\ < 0. An
interior solution requires j3'(ri)< 0. An interior solution is also possible iia '(n ) > 0.
However, to maintain the assumption that risk aversion is the only motive o f having
children, we invoke a condition a ' (n) < 0 .
Therefore, the optimal number o f n is determined by the equality o f marginal cost
(reduced mean income) and marginal benefit (reduced risk). The risk aversion behavior of
households follows decreasing relative risk aversion (DARA).5 Then, from Equation
(2.13), an expression that equates the marginal cost (MC) and the marginal benefit (MB)
can be obtained as follows:
M C = - a '( n ) = B '{n)C° V^U
H
E[U'(Z)]

=MB

(2.14)

2.2.2 Implications of an Increase in Income Uncertainty on Fertility
This section presents comparative static results. The objective o f the analysis is to show
whether the impact of income uncertainty on fertility is larger with gender preference than
without. The emphasis is on gender preference and income uncertainty, which is justified
by the differences in income uncertainties o f sons and daughters. The equality o f marginal
cost and marginal benefit identifies the impact o f changes in selected parameters on
fertility choices o f parents. The key in the comparative static analysis used here is the
effect o f parameters on the marginal cost (MC) and marginal benefit (MB) o f children, n.

5 DARA is defined over wealth, but the argument in this model is consumption per worker, Z. However, a
DARA form utility function from consumption can be assumed if “optimal consumption is linear in, but not
proportional to wealth” (Meyer and Meyer, 2005, p. 1504).
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i.e., n=f( - a ' ( n ) , j3'(n)

E[U \Z)]

y Following Appelbaum and Katz (1991), Figure

2.2 is used to illustrate the shifts using the MC and MB schedules. Therefore, the impact
o f a given parameter on n is determined based on the effect o f the change in that
parameter on the schedules o f MC or MB or both.6
Figure 2.2. Marginal Cost and Marginal Benefit Schedules

Source: Adapted from Appelbaum and Katz (1991, p. 297).

The uncertainties in the family’s lifetime income are associated with: (1) the
parents’ lifetime income uncertainty (y), (2) the sons’ lifetime income uncertainty (d), and
(3) the daughters’ lifetime income uncertainty (8). The effect o f changes in any o f these
three sources o f income uncertainty on the number o f children, n, is presented in three
cases as follows.
The effect o f changes in uncertainty in parental income: An increase in the
uncertainty o f the lifetime income o f parents (y) will have an unambiguous positive effect
dn
on fertility by increasing the insurance value o f children. Therefore, — > 0. Referring to
dy

6 The effect o f other parameters, such as changes in the mean income o f parents and children on the number
o f children, is discussed in Appelbaum and Katz (1991).
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Equation (2.14), the change does not alter MC in Figure 2.2, but it causes MB to shift
outward, resulting in higher n.
The effect o f increase in uncertainty in sons’ income: An increase in the
uncertainty o f the lifetime income o f sons (3) narrows the difference between 3 and 6.
Given an earlier assumption that 3<Q^ the increase in 3 will make son preference a less
attractive strategy. A possibility is that son preference motive is eliminated. In the
absence o f son preference, the increase in uncertainty in the lifetime income o f sons (3)
simply reduces the overall insurance value o f children. Therefore, the comparative static
result will reduce to the findings o f Appelbaum and Katz (1991). Therefore, MB will shift
downward, resulting in a decrease in n. But if qn>0, the family will be worse off due to
the increase in the uncertainty in the lifetime income o f part o f the family members. This
tendency will make the family more risk averse and cause the MB to shift upward,
resulting in an increase in n. Therefore, the ultimate effect on n is indeterminate,

= ?.

The effect o f increase in uncertainty in daughters’ income: An increase in the
uncertainty of the lifetime income o f daughters (6) reduces the insurance value of
daughters and induces a downward shift in MB and a consequent decline in n. As in the
previous case, if (l-q)n>() then the family is worse off and hence, by DARA, the family is
more risk averse. Therefore, there will be an upward shift in MB, resulting in an
dfi
indeterminate effect on n, — = ?. However, given 3, an increase in 6 strengthens the son
dQ

preference motive, i.e., when 3 is constant, qn is a positive function o f 6.

As discussed

earlier, whenever son preference motive exists, parental fertility choices will be different
because the intention to raise qn comes with a larger n. This effect is reflected by an
augmented shift in MB curve. The upward shift o f MB curve in the second stage is larger
15
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when 0 increases than when S increases. Therefore, although the increase in uncertainties
in the income o f children is still ambiguous, as in the Appelbaum and Katz (1991) result,
the introduction o f gender preference implies that the increase in 6 will have a larger
impact on n than the increase in 5, i.e., — > — = ?
dG dS,

2.2.3 Extension: Gender Preference and Children’s Schooling
Parental gender preference may also be linked to different parental attitudes toward the
children after they are bom. These could be referred in, for instance, gender-biased intra
household time allocation and human capital investment on children (Behrman, 1997).
For example, if parents believe that the returns to education for boys are higher than for
girls, they would then undertake more on the human capital investment o f their sons than
their daughters (Rosenzweig and Schultz, 1982; Schultz, 1997).
Another impact o f son preference on human capital outcome o f girls is generated
through the family’s fertility behavior.

For instance, in the absence o f sex-selective

abortion, strong desire for sons will encourage child bearing until the couples have many
sons. Jensen (2002) explores the impact o f son-preferring differential stopping behavior
in child bearing. Therefore, according to Jensen, “even if parents treated all their children
equally, aggregate statistics would still show sex disparities because girls are more likely
to come from larger families where children are worse-off.” Using a data set on Indian
fam ilies, he sh o w s that one-tenth to one-quarter o f m ale-fem ale d ifferen ces in educational

attainment in the various states can be accounted for by the differences in sibling cohort
size.
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In order to incorporate schooling in gender-differentiated lifetime income
functions, education production function is added to lifetime income functions o f
children. Therefore, Equations (2.3) and (2.4) can be modified as follows:
Sj =S +b(e) +8Sj,}= 1, 2, ...,qn; 0<q<l

(2.15)

D, =D +g(e) + eS/ , l = l , 2 , ....,(l-q)n

(2.16)

where b(e) is education production function for boys ( with b'(e)> 0 , and b ”(e)< 0 ) and
g(e) is education production function for girls (with g ’(e)>0 and g ”(e)<0). Son
preference caused by differences in returns implies that b ’(e)>0 is greater than g ’(e)> 0 .
Therefore, parents first send children who have higher returns to education. Therefore,
Equation (2.15) can be used as a binding reference to determine the effect o f fertility
levels on education because the other group o f children are considered after all the
preferred children are sent to school. When the girls’ education is considered, all children
are included in the model and then the reference will be the total number o f children in
the family. The issue is taken up later after the model is derived with the binding equation
as follows.
The impact o f education works through mean incomes, while |3(«) is unaffected by
b(e) and g(e). Thus, Equation (2.7) mentioned above takes thefollowing form:
E(Z ) - a (c n)

2P + qn^ + (1 ~ V)nD

+ Vnb(e) + 0 ~ <b)n§ (e) ~ c (e>n)

£ 17)

n +2
Now, the objective is to determine if education investment is decreasing or increasing
with the number o f preferred children.

Given the E(Z) in Equation (2.17), optimal

education for sons, e/, and number o f sons, qn, are obtained by solving the objective
function, Equation (2.1), in two steps. In the first step, optimal e/, is obtained, which is a
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function o f qn. It is derived from the equality o f marginal benefit o f education investment
and the cost o f children, which yields the following condition:
qn(db/deb) = dC/de b

(2.18)

The expression in Equation (2.18) equates the marginal benefits and marginal costs o f
investment in human capital on sons. Now, for simplicity, let qn=m. Then, the effect o f a
change in the optimal number o f preferred children on education e, is given by 7
( d 2C
y dehdm

deb
dm

db Af d 2b
m
T
deh j \ d e b

d 2C^~‘
d e b

(2.19)

j

In Equation (2.19), the sign o f the denominator (the second term) is negative by seconddc
order conditions. Therefore, the sign o f — - i n Equation (2.19) is determined by the sign
dm

o f the numerator,

d 2C

db

y debdm

deb

. To do so, first consider the expression d b /d e b , which

can be substituted b y ( \ / m ) ( d C / d e h) by Equation (2.18). Then, the elasticity o f the
marginal cost of human capital acquisition, Xm is derived. Computing the elasticity o f the
marginal cost o f e with respect to m yields the following equation:
km = dln(dC/8eb )/dlnm - m (d 2C/debdm)/(dC/deh)

(2.20)

where Xm can be greater, equal or less than one. Therefore, the direction o f education with
respect to the number o f sons in the household is indeterminate. However, if there are no
economies of scale, Xm is greater than 1. When Xm, is greater than 1, the numerator in
7 Differentiating Equation (2.19) with respect to m and e, where m =qn, yields,

d 2C
debdm

,
dm

db .
d 2b ,
dm = m
deh
deb
.
de2 b

d 2C ,
de..
de2
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Equation (2.19) is positive and as indicated earlier, the denominator in Equation (2.19)
dc
negative by second order conditions. Therefore, — - will be negative. Under this
dm
condition, the result implies that the limited resources will have to be stretched as the
number of children with the preferred gender increases. When there is gender preference,
the same procedure could be followed to identify the direction o f the effect o f sibling size
on education o f girls. However, with preferential treatment o f boys, girls in the household
face a different constraint in terms o f the number o f children with whom they share
schooling resources. The binding constraint is the education o f the preferred group due to
differences in returns to education mentioned earlier. Therefore, the implication o f the
above result is that in a given household with both sons and daughters, the negative effect
o f the number o f sons at home on girls’ education would be larger than that o f boys’.
Overall, the above analysis considered the joint determination o f fertility and
schooling. The Appelbaum and Katz (1991) approach is followed because it incorporates
income uncertainty and the insurance value o f children in the fertility analysis. Then the
education o f children is extended from that analysis. However, there are a number of
other studies that show the negative impact o f family size on education.

The results

obtained in this analysis are inconsistent with other approaches in terms o f the negative
relationship between sibling size and education.

For instance, although the empirical

evidence is mixed, the theoretical derivation o f the negative relationship between family
size and child quality has been established in quantity-quality trade-off hypothesis
(Becker and Lewis, 1973). Similarly, as the “resource dilution” hypothesis postulates, it is

By rearranging the above, we obtain the following that is equal to 2.19,
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intuitive to assume that the more children in the family, the less the resources that can
accrue to any given child (Blake, 1981). Following these and the above premises, it is
intuitive to assume that when there is preferential treatment o f one group, the effect of
family size will be stronger on the other group.

2.3 Summary and Conclusions
This chapter theoretically analyzes the effect o f parental gender preference and income
uncertainty on fertility and human capital outcomes in developing countries. The study
reexamines the Appelbaum and Katz (1991) findings by incorporating gender preference
that differentiates the lifetime income functions o f sons and daughters. First, the
combined impact o f gender preference and uncertainty on fertility is examined. The
underlying assumption in this analysis is that parents prefer sons but do not control the
sex o f their child. However, they know that as the family size increases the number of
children with the preferred gender increases. The motivation for son preference could be
justified by gender differences in mean incomes and income uncertainties. In this
analysis, the income uncertainty aspect is investigated.

It is shown that the gender

preference augments the positive impact o f changes in children’s income uncertainty on
the parents’ lifetime fertility goals.
The analysis is extended further to incorporate gender preference on children’s
schooling. The basis for gender preference is disparities in returns to education. When
returns to education are different, parents respond first by allocating education resources

Kj
&■

deb

d 2C~
1

_

d 2b

CD

m

-c

db'
de

II

' 8 2C
deb8m

1

to the group o f children with higher returns. Under this condition, the relationship

20

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

between education and sibling size is determined by the number o f children with the
preferred gender, but not the total family size per se. The analysis shows that unless there
exist economies o f scale in the acquisition o f human capital, the number o f children with
preferred gender is associated with less education. A similar result is obtained when the
education o f girls is considered. However, the effect o f family size is stronger on the
girls’ education than on the than boys’.

The next two chapters provide empirical

applications o f the predictions using the Ethiopia Demographic and Health Surveys.
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CHAPTER III
DESIRED FERTILITY, GENDER PREFERENCE, AND INCOME
UNCERTAINTY: EVIDENCE FROM THE ETHIOPIA
DEMOGRAPHIC AND HEALTH SURVEYS

3.1 Introduction
Despite a substantial decline in fertility in many low-income countries that has occurred
since the 1960s, fertility rates remain high in some African countries. In 1950, the average
total fertility rate (TFR) o f less-developed countries (LDCs) was 6.17 per woman. The
2005 projection shows that the average TFR in LDCs has declined to 2.9, which is close
to the long-run replacement level o f 2.1. During the same period, the average TFR in
Africa declined from 6.72 to 4.97 . 8

The current high-fertility rate in Africa is partly

explainable by the levels o f desired fertility. Recent surveys in selected African countries
show that the desired fertility rate is well above the long-run replacement levels (ORC
Macro, 2005).
The presence o f strong association between desired and actual fertility would
imply that fertility- limiting interventions may not be effective if not proceeded by other
interventions aimed at reducing individual fertility desires. Therefore, investigating the
characteristics and determinants o f fertility desires in high-fertility countries is beneficial
to implement effective family planning policies and programs. The determinants of
fertility d esires and related issu es have attracted an exten sive b o d y o f research. A s a

result, there exists a vast empirical literature on the proximate determinants o f fertility in
developing countries. This study considers the combined effects o f gender preference and

8 Computed from United Nations Population Division online database.

22

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

income uncertainty on fertility in the context o f a developing economy. As such it tests
hypotheses generated by the theoretical analysis provided in Chapter 2. One o f the
testable hypotheses derived in Chapter 2 is that the impact o f income uncertainty on
lifetime fertility goals is higher in the presence o f gender preference. Therefore, the study
provides empirical evidence on the relationship between income uncertainty and gender
preference, and lifetime fertility goals. In passing, the study identifies other individual,
household and community level correlates o f fertility desires.
The
(EDHS)

study

uses the 2000 and 2005 Ethiopia Demographic and Health Surveys

(Central Statistical Authority and ORC Macro, 2001, 2006) The Ethiopian

context provides an interesting environment to analyze the impact o f gender preference
and income uncertainty on fertility for the following reasons. First, although some urban
parts o f Ethiopia are now experiencing fertility rates below the replacement level, the
national average, which was 5.4 children per woman in 2005, was among the highest in
Sub-Saharan Africa (Central Statistical Authority and ORC Macro, 2006). Second, as
documented by Short and Kiros (2002), there is evidence o f son preference in Ethiopia.
Third, owing to the limited availability o f health facilities, the context provides a tenable
assumption on limited access to sex-selective abortion technologies. Therefore, as
indicated in the theoretical analysis in Chapter 2, in the absence o f sex-selective abortion,
son-preferring differential-stopping behavior in child bearing would result in a larger
family size, which in turn has important implications on gender inequalities in human
capital outcomes (Jensen, 2002).
The contributions o f this study are twofold. First, the study provides an empirical
analysis on the determinants o f fertility desires in Ethiopia using recently completed
nationally representative surveys. Specifically, the study explores how gender preference
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motives and income uncertainty indicators such as wealth ranking and employment status
are related to lifetime fertility goals in Ethiopia.
Second, the study uses count data model to estimate lifetime fertility goals and
controls for sample selection bias that could arise from non-responses exhibited in the
survey data. The selectivity problem that this paper addresses is analogous to the widely
known Heckman (1979) two-step procedure. However, unlike the standard Heckman
procedure, the method implemented in this study has a non-linear extension in the second
step. This method is consistent with the nature o f the dependent variable, which is a non
negative integer. This method has been applied in other contexts such as credit scoring
and derogatory reports (Greene, 1995, 1997), vehicle ownership and household member
trip taking (Terza, 1998), and alcohol consumption and physician advice (Kenkel and
Terza, 2001). As such, this study makes an empirical contribution in terms o f providing a
demographic application o f count data model and dealing with possible sample selection
bias.
The rest o f the chapter proceeds as follows: Section 3.2 provides an overview o f
the literature. Section 3.3 describes the data, the empirical model and the econometric
methodology. Section 3.4 discusses the results. Section 3.5 concludes.

3.2 Literature Review
3.2.1 The Conceptual Framework
Demand for children or fertility desires are in general estimated based on the consumer
choice model, which emphasizes the quantity-quality trade-offs and hence income and
price effects o f children (Becker and Lewis, 1973; Willis, 1973). The consumer choice
model postulates that if higher income greatly increases the quality o f children (education
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and other training o f children), a rise in income could reduce the demand for children.
The fact that higher quality is accompanied by higher expenditure on education and
training o f children, increase in demand due to income effect could be dominated.
Therefore, the negative relationship between income and fertility both in time series and
cross-section analysis is due to the fact that households care for both quantity and quality.
The negative relationship between income and fertility is also explained by the
fact that higher income is associated with a higher cost o f the mother’s time either as a
consequence o f increased female wage rates or because higher income raises the value o f
the mother’s time in non-market activities (Willis, 1973). Therefore, income and parental
education, particularly mother’s education, have been important variables in the
specification o f the household fertility demand model.

Further restatements and

modifications o f the model incorporated several additional factors. One o f the important
modifications o f the model is the incorporation o f demographic and socio-cultural
variables (e.g., Esterline, 1975; Esterline et al., 1980).

3.2.2 The Proximate Determinants of Fertility
In empirical applications, the household production model o f fertility in developing
countries is used as a theoretical framework to identify the proximate determinants. Due
to the difficulties in estimating the demand for children, reduced form equations are often
estimated.

The two common dependent variables in micro-level studies are either

children ever bom to the mother (e.g., Bhargava, 2006, for Ethiopia; Maglad, 1993, for
Sudan) or individual lifetime fertility goals (e.g., Bedassa and Asefa, 2002, for Ethiopia;
Saila-Ngita, Bravo-Ureta, and Perez-Escamilla, 2003, for Senegal).

Important variables

that are found relevant in various fertility studies include parental education, place of

25

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

residence (rural/urban), mother’s age, religion, and mother’s knowledge and use o f
modem contraceptives, as well as measures o f economic status, which is often proxied by
ownership o f selected assets and dwelling characteristics. Most o f the available studies
emphasize the importance o f counseling about small family size and the promotion o f the
utilization o f health care services in order to lower fertility in developing countries.

3.2.3 The Role of Gender Preference and Income Uncertainty
Other factors influencing fertility choices are gender presence and income uncertainty.
These variables are particularly important in developing countries because o f inadequate
risk markets and the determining role o f some traditional values. Different studies
examined the effect o f income uncertainty on fertility in developing countries at the micro
level (e.g. Appelbaum and Katz, 1990; Cain 1983; Dutta and Nugent, 1984; Vlassoff and
Vlassoff, 1980).
For example, using data from villages o f Bangladesh and India, Cain (1981)
examines how fertility could be affected by exposure to natural disasters. He shows that
differences in the availability o f institutions, such as credit and public relief employment
in these two countries, explain differences in the derivative importance o f children as a
form o f risk insurance.

In a related study, Cain (1983) argues that in the absence o f risk

markets, fertility decisions are responsive to changes in risk environment. He notes that
the existence of alternative assets in rural areas such as agricultural land hardly
understates the demand for children as an adjustment to risk. This is due to the fact that
the management o f such assets in developing countries is a labor-intensive task that is
primarily undertaken by family labor.
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Another important aspect o f fertility decisions under uncertainty is parental gender
preference motivated by income security concerns (e.g., Cain, 1984). Parental gender
preference for boys over girls could be due to a number o f economic or cultural reasons.
For instance, Schultz (1997, p. 386) mentions that there are at least three reasons that
motivate son preference. According to him, net economic productivity, the remittance rate
to parents, and other non-economic value to parents are some o f the reasons where the
contribution o f boys may exceed that o f girls. He further notes that “whatever the reason,
it is clear that some cultures exhibit a stronger preference for sons than do other cultures.”
There exists a vast literature on the impact o f son preference (e.g. Arnold, 1985,
Lee, 1995; Jensen, 2002; Lee and Paik, 2006; Leone, Matthews, and Zuanna, 2003;
Leung, 1991). One major issue on parental son preference that often motivates research
is its impact on fertility levels and household gender composition.

Although the

empirical evidence is mixed (see Lee, 1995, for the review), in the absence o f selective
abortion, son preference would slow the process o f fertility decline by reducing the
household’s demand for fertility limiting.
However, there exists little empirical work on the relationship between gender
preference and fertility in the context o f Africa. Moreover, there exists little evidence on
the combined effects o f gender preference and income uncertainty on lifetime fertility
goals. In the presence o f income uncertainty, parents may form different expectations
about the lifetime income o f their sons and daughters. Therefore, two fertility-enhancing
forces will be at work: income security motive and the son preference. The objective of
this study is to narrow this gap in the literature.
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3.3 Data, Empirical Specification, and Estimation Method
3.3.1 Data
This study uses the 2000 and 2005 EDHS. Respectively, the 2000 and the 2005 surveys
include 15,367 and 14,070 women respondents ages 15-49. Each survey is nationally
representative and provides extensive information on fertility, family planning, infant and
child mortality, maternal and child health, and nutrition (Central Statistical Authority and
ORC Macro, 2001, 2006).
The analyses are based on individual women’s fertility desires. Therefore, the
model variables are selected from the women’s questionnaire. The major variables of
interest include fertility goals, wealth quintiles, employment status, and son preference.
Other variables included in the various specifications of the model are education,
knowledge o f modem contraceptives, place o f residence, marital status, age, religion, and
the respondent’s relationship to the household head. Table 3.1 presents the means and
standard deviations o f model variables o f the national sample. In addition to the national
(all respondents) sample, different sample categories are considered in data descriptions
and multivariate analyses. These are the married, rural and urban samples.
Table 3.2 presents the counts and frequencies o f individual woman fertility goals
by survey year and sample category. In the 2000 survey, 81% o f all respondents provided
numeric responses ranging from 0 to 30. The remaining 19% responded non-numerically
as “Don’t know” and “Up to God.” In 2005 the numeric and non-numeric responses were
90% and 10%, respectively. The relative importance o f the non-numeric respondents is
different in urban and rural areas. For example, in the 2000 survey, non-numeric
respondents are 20% and 7%, respectively, in mral and urban samples. In the same survey
the non-numeric response is about 19% among married women. Similar to the national
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sample (all respondents), non-numeric response has declined in all other sample
categories in the 2005 survey. Respectively, non-numeric respondents were 12%, 12%,
and 5% in married, rural, and urban samples.

Table 3.1. Descriptive Statistics of Model Variables
Variable

2000 EDHS
2005 EDHS
Nf
Mean SD Min Max N
Mean SD
Min Max
13,077 5.62 3.63
0 30 12,727 4.80 3.47 0
30

Fertility desires (numeric responses)
Household wealth quintile
First quintile (b)
15,367 0.14 0.35
0
1 14,070 0.19 0.40 0
Second quintile (b)
15,367 0.15 0.36
0
1 14,070 0.15 0.35 0
Third quintile (b)
1 14,070 0.15 0.35 0
15,367 0.19 0.39
0
Fourth quintile (b)
15,367 0.18 0.38
0
1 14,070 0.14 0.35 0
Fifth quintile (b)
15,367 0.35 0.48
0
1 14,070 0.37 0.48 0
Working (b)
1 14,062 0.29 0.46 0
15,367 0.62 0.49
0
Education: None (b)
15,367 0.69 0.46
0
14,070 0.60 0.49
0
Education: Any (b)
15,367 0.31 0.46
0
1 14,070 0.40 0.49 0
Education: Primary (b)
15,367 0.16 0.37
0
1 14,070 0.21 0.41 0
Education: Secondary & higher (b)
15,367 0.17 0.35
1 14,070 0.19 0.39 0
0
Education: None (b)
11,265 0.64 0.48
0
1 10,159 0.59 0.49 0
Partner’s education: primary (b)
11,265 0.20 0.40
0
1 10,159 0.23 0.42 0
Partner’s education: secondary (b)
11,265 0.17 0.38
0
1 10,159 0.19 0.39 0
Son preference (b)
15,367 0.21 0.40
0
1 14,070 0.20 0.40 0
Know modem control method (b)
15,367 0.79 0.41
0
1 14,070 0.82 0.38 0
Married (b)
15,367 0.60 0.49
1 14,070 0.61 0.49 0
0
Relationship to household head (b)
15,367 0.96 0.20
0
1 14,070 0.97 0.18 0
Urban residence (b)
15,367 0.30 0.46
0
1 14,070 0.31 0.46 0
Religion: Moslem (b)
15,367 0.35 0.48
0
1 14,066 0.32 0.47 0
Religion: Orthodox (b)
15,367 0.47 0.50
0
1 14,066 0.48 0.50 0
Religion: Protestant (b)
15,367 0.14 0.34
0
1 14,066 0.16 0.37 0
Religion: Catholic (b)
15,367 0.01 0.09
1 14,066 0.01 0.10 0
0
Religion: Traditional (b)
15,367 0.03 0.17
0
1 14,066 0.01 0.11 0
Religion: Other (b)
15,367 0.00 0.05
1 14,066 0.01 0.09 0
0
Age Cohort _15 1 9 (b)
15,367 0.23 0.42
1 14,070 0.23 0.42 0
0
Age Cohort 20 24(b)
15,367 0.19 0.39
0
1 14,070 0.19 0.39 0
Age Cohort _25_29(b)
15,367 0.18 0.38
0
1 14,070 0.18 0.39 0
Age Cohort _30_34(b)
15,367 0.12 0.33
0
1 14,070 0.12 0.33 0
Age Cohort _3 5 39(b)
15,367 0.11 0.32
0
1 14,070 0.12 0.32 0
Age Cohort 40 44(b)
15,367 0.09 0.28
0
1 14,070 0.08 0.28 0
Age Cohort _45_49(b)
15,367 0.08 0.27
0
1 14,070 0.08 0.27 0
Age (years)
15,367 28.13 9.64
15 49 14,070 27.90 9.44 15
Source: 2000 and 2005EDHS (Central Statistical Authority and ORC Macro, 2001, 2006). Note: (b)
denotes binary variable; N=Number of observations; SD=standard deviations; Min=Minimum;
Max=Maximum.
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
49

Table 3.2. Counts and Percent of Frequencies of Desired Fertility
Counts
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Non-numeric
Total

All
3.54
0.62
7.66
5.32
23.46
9.27
12.62
3.53
5.57
0.96
6.80
0.24
1.35
0.09
0.06
0.48
0.04
0.00
0.03
0.01
0.34
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.04
17.97
100.00

EDHS 2000
Married Rural Urban
2.32
3.47
3.87
0.43
0.49
1.18
5.27
18.46
3.79
4.74
7.93
3.73
21.92
36.42
20.58
7.20
9.66
9.73
13.42
8.97
14.35
4.23
3.98
1.5
6.21
6.83
2.67
1.19
1.08
0.39
8.51
7.71
2.68
0.02
0.25
0.28
1.44
1.88
0.93
0.14
0.09
0.1
0.07
0.04
0.11
0.6
0.52
0.29
0.04
0.05
0.01
0.00
0.00
0.00
0.05
0.04
0.00
0.00
0.01
0.00
0.4
0.37
0.17
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.02
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.05
0.00
7.12
19.56
20.38
100.00 100.00 100.00

EDHS 2005
All
Married Rural Urban
10.32
6.38
9.08
8.66
0.86
0.54
0.49
1.67
6.15
5.98
26.95
12.57
4.45
5.48
9.56
6.77
24.34
22.18
20.07
33.66
3.44
7.73
8.60
9.70
10.28
12.36
12.34
5.79
2.35
3.07
3.15
0.59
5.10
6.92
6.77
1.47
1.16
1.19
0.14
0.86
8.16
7.77
2.67
6.17
0.22
0.31
0.29
0.07
1.92
1.73
2.28
1.33
0.22
0.31
0.30
0.05
0.30
0.40
0.38
0.11
1.24
0.91
1.18
0.32
0.14
0.20
0.19
0.05
0.02
0.03
0.03
0.00
0.06
0.10
0.09
0.00
0.02
0.02
0.01
0.00
0.62
0.87
0.70
0.43
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.07
0.10
0.10
0.02
9.55
11.85
11.49
5.31
100.00 100.00 100.00 100.00

Note-. Compiled from the 2000 and 2005 EDHS. Counts represent individual women’s ideal
number of children. Non-numeric responses values are for those respondents with answers “Do
not know” and “Up to God.”
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In 2005, the average desired fertility rate was four children per woman. As shown
in Figure 3.1, it is the modal value for all sample categories and survey years. The figure
includes six panels that show density and normal plots o f fertility desires for different
survey years and sample categories. Each bar in the density plot o f each panel represents
a discrete value.
Panel A presents density and normal plots o f the pooled data for all respondents.
The distribution indicates a positive skewness. Panels B and C are disaggregated by
survey year and represent the 2000 and 2005 surveys, respectively.

The distributions

show that the 2005 plot is more skewed, implying a decline in fertility desires. Panels D
and E present the rural and urban samples o f the pooled data. As expected, the urban
sample is more skewed than the rural sample.
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Density

Figure 3.1. Density and Normal Plots of Fertility Desires
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3.3.2 Empirical Specification

One o f the main testable hypotheses generated from the theoretical background in
Chapter 2 is that parental gender preference and income uncertainty lead to a higher
fertility goal. To test this prediction, the empirical model o f fertility desires is given by:
y’i = f 0 +

Wealth Rank)i + f 2(Son Preference)(. + ft3(Education) . +

fi4(Residence Urban) ( + [ f (Married)t + f 6(Religion){ + [ f (Age)i +
f f (Related to hh Head)j + ui

(3.1)

where y is fertility desires and Uj is the error term assumed to be uncorrelated with the
explanatory variables.
The respondents’ wealth rank and employment status are used alternatively as a
proxy for lifetime income uncertainty. While these proxy variables are not standard
measures o f uncertainty, this specification follows recent work (Kreyenfeld, 2005)9 and is
based on the availability o f the variables in the EDHS data. Two assumptions are made
regarding the two proxy variables for lifetime economic/income uncertainty.

First,

controlling for all other factors (e.g. education, age, place o f residence) the household’s
wealth ranking will indicate certain degree o f lifetime income uncertainty. Specifically,
individuals who come from higher wealth quintile households are likely to feel more
secured than individuals from the lower wealth quintile. Second, people who are working
currently are likely to feel more secured than people who are not working currently.
The other variable o f interest in Equation (3.1) is gender preference, which in this
case represents son preference. Although son preference is commonly associated with
some societies in Asia, Short and Kiros (2002) find there is also a desire for more sons in

9 Kreyenfeld (2005) uses objective and subjective measures of economic uncertainty. The objective
measures are income level (being low income implies being more insecure and uncertain) and employment
status. The subjective measures are the respondent’s “feeling that the personal economic situation is
insecure.”
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Ethiopia. In order to capture this variable, a dummy is constructed based on the woman’s
response in the survey. Accordingly, if a woman reported more sons than daughters in her
ideal family size, she was assigned a value o f 1, and 0 otherwise. The empirical
specification also included additional characteristics o f the respondent as control
variables. These are education, marital status, place o f residence (urban or rural), religion,
age, and the respondent’s relationship to the household head. Partner’s education is
included in the married sample.
Therefore, in Equation (3.1), the a priori expectations based on previous studies
reviewed in Section 3.2. are Pi<0, P2 > 0 , P3 O , and P4 O

and P7 >0. However, the signs

o f the remaining parameters cannot be determined a priori. Nevertheless, relevant
variations in fertility desires are expected across religion and the respondent’s
relationship to the household head . 1 0
Further, the combined effects o f income uncertainty and gender preference are
also estimated using the following specification.
\>i ~ P0 + ft/L o w e st Weath Rank)X( Presence o f Son Preference)i + f 2(Education) . +
ft/R esidence Urban), + [ f (Married)t + ft 5(Religion) t + f / A g e ) i +
/( R e la te d tohhH ead)i + ui

(3.2)

In Equation (3.2) the a priori sign o f Pi is positive, implying the presence o f a combined
positive effect o f income uncertainty and gender preference on fertility . 1 1
In Equation (3.1) and (3.2), some o f the right hand side variables are correlated.
However, these variables are included to avoid omission variable bias. Moreover some o f
them are not the focus of the analysis. For those variables that are correlated with the

10 A variant of Equation (3.1) includes employment status in place of wealth ranking.
u A variant of Equation (3.2) includes the interaction term of employment status (no work) and son
preference in place of the interaction term of low wealth ranking and son preference.
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focus variables, the issue will be a problem if the focus variables become insignificant.
However, as discussed in later sections, none o f the focus variables are insignificant.

3.3.3 Estimation Method
In Equations (3.1) and (3.2), the dependent variable, fertility desires, takes non-negative
integer values that are not normally distributed . 1 2 Therefore, a count data model is used.
However, the dependent variable has both numeric and non-numeric response. The non
numeric part is regarded as non-response. Although the survey question was intended to
gather numeric responses, about 18 percent o f the

2 0 0 0

survey respondents and

1 0

percent o f the 2005 survey respondents replied qualitatively as “Up to God” and “Do not
know.”

These

groups

o f respondents

may

share

certain

common

behavioral

characteristics that prompt them to respond in that way. As a result, excluding these
respondents and estimating a standard count data model may result in sample selection
bias . 13
Therefore, the standard count data model needs to be modified to address the
selectivity problem as, for example, in Greene (1995. 1997), Terza (1998), and Kenkel
and Terza (2001). The modification proceeds as follows. First, conditional on a vector of

12 Figure 3.2 presents the graphical summary of the shape of the data for four sample categories. The figure
shows density plots of fertility desires with overlaid normal plots. The fertility desires data does not seem to
come from a normal distribution. For the pooled data, the skewness and kurtosis of the fertility desires
variable are 1.65 and 8.53, respectively. In addition, the p-value for the Shapiro-Wilk test for normality is
less than 0.05 in both survey years and all sam ple categories. T herefore, the null hypothesis that the fertility

desires data is normally distributed is rejected.
13 In this regard, some three peculiar properties of the fertility goals variable appear relevant. First, the
variable is a non-negative integer. Second, non-trivial number of sample observations has zero values.
Third, providing numeric or non-numeric responses may be endogenous. Therefore, this study implements
an estimation method that is appropriate to deal with these complications. Specifically, this study estimates
a count data model correcting for possible sample selection bias, which has been applied in other contexts
such as derogatory reports and credit card application (Green, 1995, 1997), vehicle ownership and
household trip taking (Terza, 1998), and physician advice and alcohol consumption (Kenkel and Terza,
2001).
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variables, a dummy for selection and a random error term, the Poisson representation o f
the lifetime fertility goals model is given as follows:
f ( y . Ie ) =

+

+

/ = 0,1,2,...

(3.3)

where y, is fertility goal and Sj denotes the heterogeneity component o f the count data
regression model and is normally distributed with mean zero and variance a 2, and x t is a
set of all the explanatory variables listed in Equations (3.1) or (3.2) or their variants.
Second, the estimation procedure requires another equation for the sample
selection rule. The sample selection rule answers the questions “who provides a numeric
response?” and “who crosses the modernity threshold in the sense o f having a quantified
plan?” It is given by a binomial probit model as follows:
z*i - a ' w i + ui
where z* is a latent variable with the corresponding z,- that takes

(3.4)
1

when the respondent

woman knows her lifetime fertility goal and hence when there is response ( z* > 0 ) and

0

when there is no response. wt is vector o f explanatory variables in the determination o f
providing a response. ut ~N(0, 1) and is the unobserved effect in the selection mechanism.
The relationship between Equations (3.3) and (3.4) is traced from the joint
distribution of the error terms in each equation. Si and w,- are jointly normal with mean
zero and covariance matrix,
^ CT

Op

crp

1

^

(3.5)
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where a is standard deviation of heterogeneity, and p is correlation o f heterogeneity and
selection. The problem o f selection bias arises when u, is correlated with eL<or when p is
significant. The null hypothesis is that p=0 and the alternative is that p *0.
Some, but not all, o f the variables in x, may also appear in w,.

However, a

challenge in this estimation procedure is that there is little work on the empirical
specification o f the selection mechanism given in Equation (3.4). Previous studies offer
few guidelines about how to begin an empirical examination o f response and non
response. A rare contribution in this regard is made by Jensen (1985) and Saila-Ngita,
Bravo-Ureta, and Perez-Escamilla (2003), whose findings are taken into account in
specifying Equation (3.4). The specification in Equation (3.4) differs from these earlier
works by incorporating more intuitive variables to explain “modernity” in terms o f the
respondents having a quantified lifetime fertility goal. Therefore, education, age, place of
residence, religion, knowledge o f reproductive health, employment status, and wealth are
the primary explanatory variables considered in the determination o f quantitative
response.
Equations (3.3) and (3.4) are estimated jointly by full information maximum
likelihood (FIML) method (Greene, 1997; Terza, 1998).14 In this setting, the likelihood
function would be developed from the following joint probabilities:
Pr(yi, Zj|xj,Wj) = Ee Pr(zj=j,yi,Wj,Si)Pr(yi|xi,£j), j =
Conditional on

0 ,1

(3.6)

y t and z> are independent. Hence, the joint distribution can be written

14 Only essential results are presented here. A more detailed derivation of the likelihood function and its
derivatives are presented in Greene (1995, 1997) and Terza (1998).
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\{’zf ( y i \2l =VPr(zi = ^ - l) M \ - 2) f( y i \2i = 0 )Pr(zi = 0

f ( y i ’z i ) =

1 &i) } f ( ^

i) ( k i

—
00

Now

variable, t t -

mt be

let

all

exogenous

variables

and

consider

a

change

of

S' , then the joint conditional pdf o f y, and z, becomes 16

cw2
1 (f(yi \zi’mi’ay\i^ 1){zi^

(-ay\i42)}}exp(-y]^‘)dr\i (3.8)

where ®Y<rr|, v/ 2 ) = <f>

Finally, the FIML estimates o f the parameters, including the coefficients (P and a )
as well as a and p, are obtained by maximizing the following log likelihood function

InL = I Zf=0lnPr[z(. = 0 1w] + X2.=1lnPr[y(.,z(. = 11x,w]

(3.9)

How is the presence o f sample selection bias detected in this procedure? The models are
estimated jointly as if there was selectivity bias. Therefore, the results obtained from this
estimation are bias corrected. When p is significant, we know that this correction for
sample selection bias was indeed needed. When p is insignificant, the standard count
data model is estimated.

15 The specification in Equation (3.7) contains both Poisson and negative binomial versions (Terza, 1998).
Similar to the standard count data procedure, a negative binomial model with selection is estimated instead
of the Poisson model with selection if the assumption of equi-dispersion is rejected.
16 The integral has no closed form but can be approximated by Gauss-Hermite quadrature (see Greene 1997
for details).
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3.4 Results and Discussion
3.4.1 Non-Response and Sample Selection Bias
The correlation coefficient, p, between the error term in the selection equation and the
error term in the outcome equation, remained significant in the various models o f
national, married, and rural samples o f the 2000 survey. Therefore, in order to estimate
the fertility models, both the selection and the outcome equation need to be estimated
jointly as discussed in the last section. Table 3.3 reports probit regression results o f
providing numeric responses to the survey question on “ideal” number o f children.

Wealth rank, education, employment status, knowledge of modem reproductive health
methods, age, and religion are significant correlates. No strong relationship is found
between the likelihood o f providing numeric responses and some explanatory variables
including marital status and place o f residence, as well as the respondent’s relationship
with the household head. The results obtained from the national and the mral samples are
similar. Given the fact that the mral women sample accounts for more than 80 percent o f
the all women sample, the similarity is expected.
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Table 3.3. Probit Estimates of Providing Numeric Responses
Urban
Married
Rural
Variable
National (All)
9.03(0.00)
1.80(12.31)**
2.16(6.57)**
1.95(9.71)**
Constant
Wealth [1st Q=0]
2ndQuintile
0.10(2.30)*
0.08(1.73)
0.10(2.26)*
-0.26(0.00)
3rd Quintile
0.06(1.54)
0.02(0.45)
0.06(1.33)
-6.47(0.00)
4th Quintile
0.14(3.31)**
0.08(1.66)
0.13(2.90)**
-6.06(0.00)
5th Quintile
0.32(5.07)**
0.27 (3.78)**
0.38(5.70)**
-6.49(0.00)
0.39(9.82)**
Education (any)
0.36(6.50)**
0.35(6.79)**
0.39(5.89)**
0.09(2.92)**
0.05(1.47)
Working
0.10(3.87)**
0.19(3.03)**
Married
0.02(0.73)
0.02(0.49)
0.08(1.15)
Age (log)
-0.37 (-9.00)**
-0.33 (-7.29)**
-0.70 (-6.92)**
-0.38 (-7.38)**
Reproductive health
0.39(12.99)**
0.39(9.79)**
0.37(11.65)**
0.77(6.61)**
knowledge
Residence urban
0.08(1.31)
0.01(0.11)
Religion [Moslem]
Orthodox
-0.18 (-6.12)**
-0.22 (-6.52)**
-0.26 (-7.20)**
0.11(1.59)
•0.10(2.41)*
0.04(1.02)
Protestant
0.10(2.18)*
0.19(1.58)
Catholic
-0.13 (-0.90)
-0.12 (-0.87)
-0.16 (-1.06)
0.28(0.60)
Traditional
0.34(4.40)**
0.26(2.97)**
0.30(3.87)**
6.87(0.00)
Other
0.03 (0.08)
-0.04 (-0.10)
-O.OO(-O.Ol)
5.99(0.00)
-0.29 (-1.08)
Respondent is related -0.12 (-1.50)
-0.32 (-2.25)*
0.02(0.17)
to the household head
o
0.32(50.58)**
0.34(42.92)**
0.32(53.57)**
0.21(19.61)**
0.89(15.78)**
0.99(304.3)**
0.88(14.97)**
0.12(0.18)
P
Log L
-6,108
-3,952
-4,996
-1,087
# of Observations
15,367
10,824
9,203
4,543
Note: Results are based on the 2000 Survey. [ ] denotes the omitted reference category in the
regressions. Beta coefficients are reported and values in parentheses are t-ratios. * and ** represent
significance at 5% and 1%, respectively, a is standard deviation of heterogeneity; p is correlation of
heterogeneity and selection.

In general, respondents with highest wealth ranking and education, who are
currently working and have some knowledge o f modem reproductive health methods, are
more likely to provide numeric responses. Older respondents are more likely to respond
qualitatively as “Do not know” and “Up to God.” Moslem being the reference category
omitted from the regressions, respondents from major Christian denominations such as
Orthodox and Protestant Christians are found different. Compared to Moslems,
Protestants are m ore lik e ly to p rovide num eric respon ses, w hereas O rthodox Christians

are more likely to respond qualitatively. However, in the urban sample, no variation in
response is found due to differences in religious affiliation.
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3.4.2 Income Uncertainty, Gender Preference, and Fertility
This section presents the regression results o f desired fertility obtained from various
specifications and different sample categories. Tables 3.4 through 3.7 report the
regression results. The primary focus o f the discussion is on the. role o f income
uncertainty and gender preference and their interaction term on desired fertility. However,
the models are also controlled for other determinants.
In Table 3.4, two different specifications are estimated for both survey years. The
results are similar and all the parameters are as expected. When the wealth index and
residence dummy are entered in the model as in Model 2 for 2000 survey and Model 4 for
the 2005 survey, the significance o f residence dummy disappears. This is probably due to
the multicollinearity between these two variables because wealth index is constructed
from indicators that are predominantly available in urban areas.
In Table 3.5 the two surveys are pooled and the estimations are carried out for
different sample categories. Table 3.6 and 3.7 present results for 2000 survey where the
problem o f sample selection bias due to non-response is observed. Table 3.8 provides a
summary of major findings. Marginal effects, which are much easier to interpret, are
reported in Table 3.8. Therefore, in this section, the discussion on the determinants o f
lifetime fertility goals is based on the marginal effects summarized in Table 3.8.
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Table 3.4. Negative Binomial Estimates of Desired Fertility
______ __________(by Survey Year)____________________
2000 EDHS
2005 EDHS
Variable
Model 1
Model 2
Model 3
Model 4
Constant
1.52 (37.31)**
1.40 (28.74)**
1.54 (38.69)**
1.31 (27.43)**
Interaction terms
0.37 (14.27)**
0.11 (5.33)**
Low income & son
preference
Wealth [1st Q]
2nd Quintile
0.01 (0.45)
-0.18 (-6.95)**
3rd Quintile
0.02 (0.77)
-0.21 (-8.42)**
4th Quintile
-0.01 (-0.47)
-0.17 (-7.07)**
5th Quintile
-0.09 (-3.59)**
-0.25 (-8.59)**
Son preference
0.14 (11.16) **
0.28 (19.78)**
Education [no edu]
-0.11 (-5.88)** -0.14 (-7.45)**
-0.11 (-6.56)**
-0.13 (-7.31)**
Primary
-0.21 (-8.83)**
-0.11 (-4.55)** -0.15 (-6.24)**
Secondary & higher
-0.24 (-10.61) **
-0.09 (-4.16)**
-0.01 (-0.43)
-0.09 (-4.68) **
0.00 (-0.15)
Residence urban
0.15 (8.39)**
0.16(8.55)**
0.13 (8.73) **
0.14 (9.22) **
Married
Religion [Moslem]
-0.23 (-12.6)** -0.24 (-13.76)**
-0.27 (-19.09)**
-0.27 (-20.64) **
Orthodox
-0.11 (-6.29) **
-0.15 (-6.83)** -0.17 (-7.96)**
-0.11 (-6.98) **
Protestant
-0.18 (-2.10)*
-0.18 (-2.05)*
-0.06 (-0.76)
-0.06 (-0.80)
Catholic
0.13 (1.72)
0.14 (1.79)
-0.02 (-0.52)
-0.01 (-0.04)
Traditional
-0.29 (-3.56)** -0.28 (-3.12)**
0.09 (1.19)
0.09 (1.30)
Other
0.11 (2.42)*
0.10 (2.28)*
0.07 (1.98) *
0.08 (2.21) *
Related to household
head
Age cohort [15-19]
0.11 (5.08)**
0.11 (4.86)**
0.08 (4.22) **
0.08 (4.33) **
20 24
0.18(7.39)**
0.17 (7.41)**
0.14(7.04) **
0.14(6.93) **
25 29
0.26 (9.50)**
0.25 (9.47)**
0.23 (9.96) **
0.22 (9.88) **
30 34
0.27 (9.42)**
0.27 (9.30)**
0.23 (9.14) **
0.22 (9.03) **
35 39
0.31 (9.18)**
0.31 (9.24)**
0.28 (10.39) **
0.28 (10.22) **
40 44
0.38 (10.65)** 0.38 (10.58)**
0.35 (12.01) **
0.34 (11.68) **
45 49
-29,872
-30,075
-29,170
-29,275
Log L
4.3
4.3
5.09
5.09
Predicted mean Q3)
12,723
12,723
13,077
13,077
# of observations
Note: [ ] denotes the omitted reference category in the regressions. Values in parentheses are t-ratios.
* and ** represent significance at 5% and 1%, respectively.
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Table 3.5. Negative Binomial Estimates of Desired Fertility
(Pooled National Sample)_______________
Variable

Model 1
All
1.50 (48.18)**
0.24 (13.62)**

Model 2
Married
1.83 (19.13)**
0.24 (-8.30)**

Model 3
Rural
1.54 (27.47)**
0.24 (13.61)**

Constant
Interaction terms
Low income & son
preference
Education [no edu]
Primary
-0.14 (-10.86)**
-0.14 (-9.31)**
-0.15 (-10.48)**
-0.25 (-10.48)**
Secondary & higher
-0.19 (-11.79)**
-0.21 (-3.91)**
Residence urban
-0.09 (-5.93)**
-0.08 (-18.98)**
Married
0.15 (12.36)**
0.14 (10.55)**
Religion [Moslem]
Orthodox
-0.26 (-23.19)**
-0.25 (-19.86)**
-0.26 (-10.36)**
Protestant
-0.14 (-10.37)**
-0.18 (-1.75)
-0.13 (-8.87)**
-0.12 (-2.08)*
Catholic
-0.13 (0.08)
-0.07 (-1.08)
0.03 (0.98)
0.04 (1.06)
Traditional
0.00 (-2.26)*
Other
-0.18 (-2.66)**
-0.18 (-0.60)
-0.15 (-2.19)*
Related to household
0.09 (3.19)**
-0.06 (3.62)**
0.05 (0.95)
head
Age Cohort[15-19]
20 24
0.10(6.70)**
0.08 (6.24)**
0.09 (5.42)**
25 29
0.16 (10.13)**
0.14 (9.40)**
0.16 (8.86)**
30 34
0.24 (13.59)**
0.22 (8.35)**
0.24 (11-93)**
35 39
0.25 (12.99)**
0.21 (8.73)**
0.24 (11.30)**
40 44
0.29 (13.56)**
0.24 (10.08)**
0.28 (11.91)**
45_49
0.36 (15.56)**
0.30 (-11.99)**
0.35 (13.83)**
Survey year dummy
-0.15 (-15.54)**
-0.14 (11.01)**
-0.15 (-13.98)**
(2005=1)
-59,641
Log likelihood
-38,717
-49,213
4.7
Predicted mean (fi)
5.3
5.0
# of observations
25,800
15,282
17,398
Note: [ ] denotes the omitted reference category in the regressions. Values in parentheses
* and ** represent significance at 5% and 1%, respectively.

Model 4
Urban
1.42 (39.09)**
0.15 (3.72)**

-0.07 (-2.48)*
-0.12 (-4.60)**
0.15 (6.37)**
-

-0.36 (-14.58)**
-0.25 (-6.42)**
-0.36 (-4.27)**
0.16 (0.99)
-1.04 (-4.90)**
0.10(2.96)**

0.13
0.16
0.25
0.27
0.34
0.43
-0.14

(4.72)**
(5.32)**
(7.03)**
(6.91)**
(6.83)**
(7.48)**
(-6.69)**

-10,334
3.7
8,402
are t-ratios.
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Table 3.6. Desired Fertility: Estimates of Poisson Model with Selection
________
(2000 National Sample)______________________
Model 2
Model 3
Model 4
Variable
Model 1
1.58 (48.22)**
1.59 (53.07)**
1.61 (52.21)**
Constant
1.60 (53.65)**
Interaction terms
Low income & son
0.09 (3.45)**
preference
0.14(9.13)**
No work & son
preference
Wealth [1st Q]
0.04 (2.10)*
2nd Quintile
0.03 (2.11)*
3rd Quintile
-0.03 (-1.63)
4th Quintile
-0.09 (-4.16)**
5th Quintile
Working
-0.06 (-6.49)**
0.13 (12.33)**
0.13 (12.37)**
Son preference
Education [no edu=0]
-0.15 (-9.70)**
-0.15 (-9.72)**
-0.14 (-8.63)**
Primary
-0.15 (-9.54)**
Secondary & higher -0.23 (-10.65)**
-0.22 (-10.58)** -0.20 (-9.12)**
-0.22 (-10.23)**
-0.03 (-1.48)
-0.11 (-7.98)**
-0.12 (-8.37)**
-0.12 (-8.06)**
Residence urban
0.13 (11.11)**
0.12 (10.88)**
0.12 (10.70)**
Married
0.13 (11.35)**
Religion [Moslem]
Orthodox
-0.42 (-38.15)**
-0.41 (-37.05)** -0.42 (-37.99)** -0.41 (-36.28)**
-0.29 (-16.78)**
-0.28 (-16.61)** -0.29 (-17.2)**
Protestant
-0.28 (-16.61)**
-0.27 (-5.10)**
-0.26 (-4.83)**
-0.27 (-4.97)**
Catholic
-0.26 (-4.88)**
-0.22 (-8.20)**
Traditional
-0.20 (-7.50)**
-0.19 (-7.33)**
-0.19 (-7.17)**
-0.15 (-1.19)
-0.14 (-1.13)
-0.15 (-1.28)
-0.14 (-1.15)
Other
0.09 (3.05)**
0.08 (2.87)**
Respondent is related
0.09 (3.27)**
0.07 (2.60)**
to the household head
Age cohort[15-19]
20 24
0.08 (4.98)**
0.08 (4.89)**
0.08 (5.13)**
0.08 (5.30)**
25 29
0.14 (8.46)**
0.14 (8.70)**
0.14 (8.53)**
0.15 (8.95)**
0.22 (12.84)**
30 34
0.22 (12.76)**
0.23 (13.06)**
0.23 (13.18)**
35 39
0.25 (14.13)**
0.25 (14.40)**
0.25 (14.39)**
0.26 (14.74)**
40 44
0.25 (13.43)**
0.25 (13.81)**
0.25 (13.70)**
0.26 (14.19)**
45 49
0.30 (16.44)**
0.30 (16.76)**
0.31 (16.85)**
0.31 (17.11)**
o
0.32 (52.07)**
0.32 (51.67)**
0.32 (50.58)**
0.32 (52.00)**
0.88 (16.04)**
0.89 (15.78)**
0.88 (16.13)**
0.91 (17.47)**
P
Log Likelihood
-29,530
-29,478
-29,398
-29,392
5.09
5.09
5.09
Predicted mean (fi)
5.09
15,367
# of Observations
15,367
15,367
15,367
Note: [ ] denotes the omitted reference category in the regressions. Values in parentheses are t-ratios. *
and ** represent significance at 5% and 1%, respectively, a is standard deviation of heterogeneity; p is
correlation of heterogeneity and selection. The selection estimation of the urban model failed for many
specifications. It converged only for the model presented here. However, p is still insignificant.
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Table 3.7. Desired Fertility: Estimates of Poisson Model with Selection
(Alternative Sample Categories)_________________
Variable

Model 1
Married
1.97(24.86)**

Model 2
Rural
1.69(33.62)**

Model 3
Urban
1.50(9.59)**

Constant
Wealth [1st Q]
0.03(1.74)**
0.03(1.60)
-0.01 (-0.03)
2nd Quintile
0.02(1.35)
3rd Quintile
0.02(0.90)
0.31(1.59)
-0.03 (-1.95)
4th Quintile
-0.03 (-1.55)
0.02(0.15)
-0.08 (-3.32)**
5th Quintile
-0.10 (-3.90)**
-0.15 (-1.01)
-0.08 (-6.76)**
Working
-0.06 (-5.07)**
0.03(0.97)
0.13(10.01)**
0.16(5.39)**
Son preference
0.10(7.49)**
-0.15 (-6.67)**
-0.17(-8.31)**
-0.01 (-0.17)
Education [no edu]
Primary
-0.27 (-4.39)**
Secondary & higher
-0.23 (-6.77)**
-0.09 (-2.40)*
-0.02 (-1.78)
Partner’s education [no edu]
Primary
Secondary & higher
0.02(1.78)
0.10(7.49)**
Residence urban
0.13(9.42)**
-0.04 (-1.67)
Married
0.16(5.20)**
Religion [Moslem]
-0.42 (-29.62)**
-0.41 (-30.03)**
Orthodox
-0.36(-11.75)**
Protestant
-0.31 (-14.85)**
-0.28 (-14.33)**
-0.19(-3.87)**
-0.19(-2.90)**
Catholic
-0.26 (-2.97)**
-0.43 (-3.56)**
Traditional
-0.25 (-8.07)**
-0.21 (-7.47)**
0.23(1.23)
Other
-0.05 (-0.29)
-0.22 (-1.25)
-0.71 (-5.22)**
0.03(0.62)
Respondent is related to the
-0.10 (-1.35)
0.06(1.45)
household head
Age cohort[15-19]
0.06(3.12)***
20 24
0.06(2.45)**
0.14(3.59)**
0.12(6.23)***
25 29
0.14(5.63)**
0.16(3.75)**
0.21(8.41)**
30 34
0.25(5.08)**
0.20(9.71)***
0.24(11.37)**
35 39
0.21(8.70)**
0.21(4.03)**
40 44
0.20(7.49)**
0.23(10.51)**
0.37(5.82)**
45 49
0.24(8.90)**
0.27(12.74)**
0.54(6.52)**
0.34(42.80)**
0
0.32(53.57)**
0.21(19.61)**
0.99(304.26)**
0.88(14.51)**
0.12(0.18)
P
Log likelihood
-17,631
-20,682
-5,281
5.74
5.42
Predicted mean (jit)
3.96
# of observations
10,824
9,203
4,543
Note: [ ] denotes the omitted reference category in the regressions. Beta coefficients are reported
and values in parentheses are t-ratios. * and ** represent significance at 5% and 1%, respectively,
cr is standard deviation of heterogeneity; and p is correlation of heterogeneity and selection. The
selection problem was not encountered in the urban model. Therefore, the results are based on
standard count (negative binomial model).
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As indicated earlier, the primary focus o f this study is to investigate how uncertainty
measures (wealth index and employment status) and gender preference (son preference),
as well as their interaction terms, influence lifetime fertility goals. The essence o f the
impact o f uncertainty and son preference on lifetime fertility goals derived in the
theoretical analysis in Chapter 2 is estimated using alternative specifications. In these
models, interaction term o f income uncertainty indicator and son preference is included.
The major findings that are summarized in Table 3.8. The results are based on the
regression results reported in Table 3.5 through Table 3.7 for various sample categories.
The result shows that fertility desires are higher for individuals with low wealth ranking
and have preference for more sons. Fertility desires are also higher for individuals who
are not working currently and have preference for more sons. For example, for the
national (all respondents) sample, a shift from the lowest to the highest wealth quintile
reduces expected lifetime fertility goals by 46%, 25%, and 75% in 2000, 2005, and
pooled samples, respectively (Table 3.8).
A dummy variable for son preference is positively related to lifetime fertility goals.
The relationship is statistically significant in all specifications and in all sample
categories. This result confirms that, controlling for all other factors, lifetime fertility
goals are positively influenced by the desire to have more sons. For the national sample,
the presence o f son preference raises expected lifetime fertility goals by 46 %, 25 %, and
75 % in 2000, 2005, and pooled samples, respectively.

Similarly, the interaction of

uncertainty and son preference measures is found positive and significant in all
specifications. For the national sample, the combined effect raises expected lifetime
fertility goals by 46%, 191%, and 126% in 2000, 2005, and pooled samples, respectively.
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Table 3.8. Summary of Major Regression Results of Desired Fertility
Variables

2000 Survey

2005 Survey

Pooled

Model 1 Model 2 Model 3 Model 4 Model 5

Model 6

Uncertainty and gender preference
indicators
Interaction terms
0.46**

-

1 91**

2nd Quintile

-

0.20*

-

-0.18**

-0.37**

3 rd Quintile

-

0.15*

-

-0.21**

-0.43**

4th Quintile

-

-0.15

-

-0.17**

-0.37**

-

-0.46**

-

-0.25**

-0.75**

-

0.66**

-

0.28**

_

1.05**

Other control variable effect?

Yes

Yes

Yes

Yes

Yes

Yes

Percent of non-numeric responses
in the dependent variable
Sample selection bias: Non-numeric
response effect? c
Predicted mean (.u)

18.97

18.97

10.4

10.4

14.37

14.37

Yes

Yes

No

No

No

No

5.09

5.09

5.42

4.7

4.7

15,367d

15,367d

25,800

25,800

Low wealth (1st Quintile) & son
preference
Wealth rank [1st Quintile=0]a

5th Quintile
Son preference (sp)

Number of observations

4.34
12,723

1.26**

12,723

Note: The table summarizes major findings in Table 2.4, 2.5, and 2.6. The values are marginal effects.
The marginal effects are obtained by multiplying the predicted mean and the beta coefficients. *, **
statistical significance at 5% and 1% levels, respectively. a The first quintile is the reference category
omitted in the regressions; b Other control variables include education, age, and marital status, place of
residence, religion and relationship with the household head; c Non-numeric response effect refers to
sample selection bias due to dropping non-numeric respondents from the estimation. d The sample used in
this selection estimation includes all respondents (numeric and non-numeric).

The results have the following implications in the short run and in the long run.
First, to the extent that desired fertility dictates actual fertility, the presence o f gender
preference and income uncertainty motives would continue to slow the pace o f fertility
transition in Ethiopia, particularly in rural areas thereof. Second, in the long run, the
gender preference motive may result in unbalanced fertility decline if the technologies to
prevent birth o f the unw anted gender are m ade available, as in so m e countries in A sia

(Bhat and Zavier, 2003). Third, higher fertility goals induced by gender preference may
negatively affect the human capital outcomes o f children, such as schooling and
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nutritional status. This is due to the fact that girls would have more siblings than boys as a
result o f son-preferring stopping behavior in child bearing (Jensen, 2002).

3.4.3 Control Variables: Other Determinants of Fertility
All the estimated models o f lifetime fertility goals were controlled for the effects o f other
proximate determinants o f fertility. The most common variables that are often included in
the fertility regressions are education, place o f residence, age, religion, and marital status.
In estimating fertility desires, another important issue is the possibility o f rationalization.
In this sense, respondents might regard all births as desired. Therefore, the number o f
children ever bom to the woman becomes an important predictor o f fertility desires.
However, including children ever bom to the woman makes the fertility desires model
endogenous. Therefore, a highly correlated variable to children ever bom, age is included
in all estimations. The result is also confirmed by a different estimation that involved only
those respondents with no children ever bom where the age variable loses significance.
Overall, noteworthy results obtained from including control variables in the
regression analyses are (i) negative effects from education, (ii) positive effects from age
cohorts, and (iii) positive effect from marital status. An important predictor, place of
residence, performed differently in different specifications. As noted earlier, the
insignificance o f the urban dummy in some models may be due to multicollinearity with
the wealth index.

In addition, religious variations are observed: Moslem being the

reference category, other dom inant religion s such as O rthodox and Protestant Christians

tend to have lower fertility goals. Noting that all the respondents in the household are not
related to the household head, a dummy variable was included to capture this relationship.
However, no systematic relationship is observed.
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In the pooled data, a dummy variable for survey year is included. The result shows
respondents in the 2005 survey tend to have lower fertility goals than in the 2000 survey.
A significant survey year effect in all specifications challenges the validity o f fertility
desires as an important indicator o f lifetime fertility goals. This is probably the case that
people tend to revise their goals depending on other circumstances that are not included
in our model.

3.4.4 Robustness Tests: Alternative Specifications and Sample Criteria
The results that are described above are robust to changes in sample criteria, model
specification, and estimation method. The results obtained by using the 2000 survey,
2005 survey and the pooled data are similar (see Tables 3.4 and 3.5). The results are also
robust to changes in sample category. As Tables 3.5-3.7 show, the national sample results
are similar to the rural, married sample and the urban sample in most cases. Particularly,
the variables o f interest, such as measures o f income uncertainty and gender preference,
are significant and with their respective expected signs in all these different sample
categories. The similarity also holds for most o f the control variables included in various
specifications.
Furthermore, results are also robust to the use o f different estimation methods
(Tables 3.4 and 3.6).

For the 2000 survey, the selectivity corrected and uncorrected

estimations provided similar results in terms o f the significance o f the variables. The
corrected regressions u sed the full sam ple, i.e ., ob servations w ith num eric and n on 

numeric responses, while the uncorrected regressions used a smaller (truncated) sample
that included only those observations with numeric responses. The uncorrected
regressions are estimated by standard count data model. Negative binomial models were
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fitted. However, the conclusions from these two different approaches did not differ
greatly. The corrected regressions altered only the magnitudes o f the parameters, while
the significance o f the variables remained the same in the two approaches.

3.5 Summary and Conclusions
A vast literature has established the importance o f income uncertainty on fertility in
developing countries. The literature has also established that parental gender preference
motivated by income security concerns drives fertility decisions in these countries. This
study combines the two factors and explores desired fertility in Ethiopia using the 2000
EDHS. It seeks to test the predictions in the theoretical analysis provided in Chapter 2.
Therefore, the specific question emphasized in this study is whether the impact o f income
uncertainty on lifetime fertility is higher or not in the presence o f gender preference.
The study uses a count data model to estimate lifetime fertility goals and controls
for sample selection bias that could arise from non-responses exhibited in the survey data.
The selection equation and the outcome equation are jointly estimated. The selection
equation is a probit model and determines the likelihood o f providing numeric responses.
The outcome equation, a count data model, determines fertility desires.
The results show that gender preference and lifetime income uncertainty are
important determinants o f lifetime fertility goals. The results are, in general, robust to
alternative specifications, changes in sample categories, and estimation method.

The

findings are supported b y the national, married, and rural sam ples, but not b y the urban

sample. Given the fact that combined effects o f gender preference and income uncertainty
are more likely to work in an environment where traditional values are prevalent, the
results obtained in this study are expected.
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The findings have the following important implications. First, in the short run, to
the extent that fertility goals dictate actual fertility, the presence o f gender preference may
slow down the pace o f fertility transition in rural areas o f Ethiopia. Second, in the long
run, it may induce gender- biased fertility decline when the technologies to prevent birth
of the unwanted gender are made available, as in some countries in Asia. Third, higher
fertility goals induced by gender preference may have undesirable impacts on human
capital outcomes.
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CHAPTER IV

FAMILY SIZE, GENDER, AND CHILD EDUCATION: EVIDENCE FROM THE
ETHIOPIA DEMOGRAPHIC AND HEALTH SURVEYS

4.1 Introduction
The relationship between family size and education has been a long-standing interest in
labor economics that has attracted extensive research. A continued interest in this area is
motivated by the presence of conflicting empirical evidence on the impact o f family size
on educational outcome. The relationship between family size and education is also o f
special interest to low-income countries with high population growth rates. The
population policy o f these countries often aims at curbing the growth rate in order to
facilitate investment on human capital. For instance, the objective o f the prevailing
population policy o f Ethiopia is to reduce the total fertility rate to four children per
woman by 2015 (Transitional Government o f Ethiopia, 1993). From the human capital
development side, the country strives to achieve the Millennium Development Goals
(MDGs) adopted in the United Nations Millennium summit in September 2000. Two of
the eight goals focus on children’s education: universal primary education and gender
equality at all levels by the year 2015 (United Nations, 2001).
Therefore, although there are a number o f issues that are o f interest in education
policy making, this study is limited to exploring whether or not population and human
capital policies are reinforcing. Specifically, this study empirically investigates the impact
o f family size and siblings’ gender composition on children’s education. It disaggregates
family size by gender and examines the effects o f family size and gender composition on
educational outcome o f each group. The Ethiopian context offers a different country
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experience where available evidences show that overall school participation rate is the
lowest and gender disparities are the highest even by developing country standards
(United Nations Educational, Scientific and Cultural Organization [UNESCO], 2002,
2003).
Previous studies on education in Ethiopia examined the determinants o f schooling
from various perspectives. For example, Schaffner (2004) provides a detailed account o f
the correlates of primary education using different nationally representative data sets.
Likewise, Woldehanna et al. (2005) investigate the determinants based on the enrollment
status o f eight-year olds in selected regions. Chaudhury, Christiaensen, and Asadullah
(2006) emphasize the effect o f income shocks on primary school-aged children. They
find that the shock has no significant impact on schooling of boys but on the schooling o f
girls.
The contribution o f this study is its special focus on household demographic
structure. It focuses on the effect family size and gender composition have on children’s
schooling. Although a consensus on the key role o f various demand and supply side
factors emerges, the analysis in this study is limited to household demographic
characteristics for which conflicting evidence is available. Disaggregating children in the
household by gender, the study tests one o f the hypotheses derived in Chapter 2: when
gender preference is present, the negative relationship between family size and education,
underlined in both quantity-quality tradeoff and resource dilution hypotheses, is more
responsive to the number o f children with the preferred gender.
The study uses two demographic and health surveys o f Ethiopia conducted in
2000 and 2005 (Central Statistical Authority and ORC Macro, 2001, 2006). Despite their
limitations on the supply side factors o f education, the demographic and health surveys
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provide nationally representative and extensive information on household demographic
structure. Moreover, as Montgomery and Hewitt (2005, p.6) observe, survey-based data
such as the Ethiopia Demographic and Health Survey (EDHS) “permit an exploration of
linkages between children’s education and household poverty or living standards, an area
that cannot be explored with aggregate measures.” Therefore, along the lines o f Anh et al.
(1998), this study provides a different perspective on schooling choices and demographic
determinants in Ethiopia.
The rest o f the chapter is organized as follows: Section 4.2 briefly summarizes
previous studies on education in developing countries emphasizing on family size and
gender. Section 4.3 presents a brief background on education in Ethiopia. Section 4.4
presents the empirical framework, estimation methods, data, and measurement of
variables. Section 4.5 discusses the results. Section 4.6 provides a summary and
conclusions.

4.2 Literature Review
4.2.1 Family Size and Education
The impact o f family size on education has been investigated in the context o f developed
and developing countries. An important question that arises in the various studies is
whether the relationship is negative. The question is essential because the population
policy o f so many low-income countries underlines limiting family size to enhance
human capital outcomes. The traditional explanation rests on the quantity-quality trade
off hypothesis (Becker and Lewis, 1973; Hanushek, 1992) and resource dilution
hypothesis (Blake, 1981). The quantity-quality tradeoff hypothesis postulates that quality
(e.g., education outcome) monotonically deteriorates with quantity (e.g., family size or
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number o f children). The resource dilution hypothesis simply states that that the more
children in the family, the less the resources that can accrue to any given child.
Numerous studies in developed countries show mixed findings: negative, positive,
or no relationship between family size and educational achievement. For example,
Behrman et al. (1989), Conley (2004), and Mare and Chen (1986), for the United States
find a negative effect o f family size on education. However, Angrist, Lavy, and Schlosser
(2005) for Israel, Lee (2003) for Korea, and Kessler (1991) and Guo and VanWey (1999)
for the United States find no such trade-off. Similarly, a number o f recent studies on
developing countries show mixed results. For instance, Rosenzweig and Wolpin (1980)
for India and Psacharopoulos and Arriagada (1989) for Thailand and Brazil find a
negative association between family size and education. On the other hand, Gomes
(1984) for Kenya, Chemichovsky (1985) for Botswana, and Qian (2006) for China find a
positive association between family size and education.
Another related issue on the relationship between family size and education is the
presence o f non-linearity. Thus, the impact o f family size on education is different at
different levels o f family size. For example, although it is generally believed that smaller
family size would mean better education, in Vietnam, Anh et al. (1998) find that the
impact o f family size on education is negative when the family size is too large. Anh et al.
find no additional advantage from being a family size o f one or two to a family size of
three or four. A significant negative relationship is found for a family size o f six or more.
The impact o f family size on education would also depend on the measurement o f
the family members’ schooling outcomes, which could, for instance, include enrollment,
current registration status, number o f school years or highest education level attained,
attendance in specific schools, and test scores. The extent that families bear the cost o f
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education depends on the measurement o f education under consideration. Therefore, the
effect o f family size could be different for different measures o f education. For example,
in Vietnam, Anh et al. (1998) find that “the main benefit of a small family size compared
to a moderate family size may lie at the upper secondary and tertiary education levels”
than at the primary level. This suggests that the relationship between family size and
education would not be addressed adequately without considering various measures of
education quantity and quality.

4.2.2 Gender Differences
It is a well-documented fact that there are substantial gender disparities in educational
outcome in developing countries. It is also documented that gender differences are more
important in rural than in urban areas. For example, in Ethiopia, Schaffner (2004, p. 75)
shows that gender differences in schooling rates are higher in rural than urban areas.
Another study on Ethiopia (Chaudhury, Christiaensen, and Asadullah, 2006) finds that
adverse weather-induced crop shock has no significant impact on boys’ schooling but has
a significant negative impact on both the probability o f enrollment and completion o f
schooling for girl’s. Chaudhury, Christiaensen, and Asadullah also find that, controlling
for other factors, “girls who reside in rural areas are almost 12 percent less likely to be
enrolled in primary school compared to boys.”
The literature provides several economic and cultural explanations for the
presence o f gender gaps in educational outcomes in developing countries. These
economic and cultural factors have different implications on the perceived costs and
benefits o f the schooling o f boys and girls. When making schooling choices, parents may
find that the benefits o f schooling may be higher and/or the cost may be lower for boys
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than for girls. For instance, the opportunity cost o f schooling for girls is considered to be
very high in some societies since they might otherwise spend the time at home taking care
o f their smaller siblings or helping the mothers with the housework. If the returns to
schooling are larger to boys than girls, then parents may give priority to boys’ education.
Rosenzweig and Schultz (1982) argue that this gender-based preferential treatment may
be an unfortunate but a rational response to unequal economic returns.
Jensen (2002) offers a different perspective and argues that if parents prefer to
have more sons than daughters, unequal outcome in education could arise even when girls
are not discriminated. He points out that girls would have more siblings than boys if
parents exercise “son-preferring differential stopping behavior” in their fertility decisions.
Therefore, on average, the educational attainment o f girls would be lower than that o f
boys because girls come from a larger family size where all children are worse off.

4.2.3 Other Determinants
Educational attainment in developing countries is also a function o f several demand and
supply side determinants (see Anh et al., 1998; Glewwe, 2002; Schaffner, 2004; Glewwe
and Kremer, 2006). Some studies argue that these other determinants may be more
detrimental than variables related to family size and gender composition (Anh et al.,
1998). Therefore, the relationship between family size and educational attainment should
be estimated while controlling for several other demand and supply factors. In addition to
its obvious empirical implication o f omitted variable bias, the inclusion o f these variables
is also motivated by policy interests (Schaffner, 2004). Inequalities in educational
attainment o f children across geographic regions, parental education, and socioeconomic
status are important policy issues.
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All these other determinants can be categorized broadly as community factors,
household characteristics, and child characteristics. Examples o f community factors that
are often used to predict schooling outcomes are place o f residence, school and teacher
availability, quality, distance from home to school, and proportion o f educated adult
population in the area. These community-level variables are essential predictors because
school quantity and quality, as well as societal literacy, are not distributed equitably
across rural and urban areas or across different regions. Parental education, age, and
income are major relevant household-level factors. The full model is also controlled for
child characteristics (in addition to gender) such as past schooling history, age, and the
child’s relationship with the household head.

4.3 Background: Family Size, Gender, and Education in Ethiopia
Education statistics for Ethiopia come from various periodic reports o f the Ethiopian
Ministry o f Education and online databases from UNESCO, the United Nations
Children’s Fund (UNICEF), and World Bank websites. A recent profde o f education in
Ethiopia is also summarized in recent studies, including Schaffner (2004), Woldehanna et
al. (2005), and Chaudhury, Christiaensen, and Asadullah (2006). As documented by the
various available sources, there are three challenges that the Ethiopian education system
is currently facing: low enrollments, high gender and regional disparity, and low quality.
Due to data limitations, the analysis is restricted to measures o f quantity o f education,
including enrollment and highest grade attained.
The UNESCO online database shows that the Sub-Saharan Africa region in
general has low enrollment ratios at all levels when compared to other developing
regions. The Ethiopian case is worse than the sub-Saharan average. For example, in 2004
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the net primary enrollment ratio for the sub-Saharan Africa region was about 66%.
During the same year the Ethiopian average was about 20 percentage points lower.17
However, as Table 4.1 shows, the country has shown substantial progress in expanding
the reach o f its education system across regions and gender. The overall net primary
enrollment increased from 33% in 1999 to 56% in 2005. Improvement has also been
registered in secondary education, for which net enrollment ratio has increased from 14%
in 1999 to 28% in 2005. Similarly, the gender gap shows a substantial decline. Although
the overall gender parity index is still less than 1, it increased from 0.74 in 1999 to 0.95 in
2005 for net primary enrollment.18 However, the GPI for net secondary enrollment
remained the same (Table 4.1).

Table 4.1. Net Primary and Secondary School Enrollment Ratio
Indicator
1999 2000 2001 2002 2003 2004 2005
Primary
33
40
42
42
46
36
56
Total net enrollment rate
41
44
46
49
38
45
58
Net enrollment rate, males
44
32
36
38
39
28
55
Net enrollment rate, females
0.74
0.90
0.78
0.82 0.84
0.85
0.95
GPI for net enrollment rate.
38
42
40
43
43
45
46
Percentage of female students
Secondary
14
21
16
18
23
25
28
Net enrollment rate, males
17
20
23
26
29
31
34
Net enrollment rate, males
11
12
14
19
Net enrollment rate, females
15
17
22
0.65
0.60 0.61
0.58
0.59
0.61
0.65
GPI for net enrollment rate.
38
38
38
38
38
37
39
Percentage of female students.
Source: UNESCO Institute for Statistics
Note: Enrollment rates are in percent; GPI is gender parity index, i.e., the ratio of female enrollment
to male enrollment.

Table 4.2 reports educational attainment o f primary school-aged household
members by gender based on the 2000 and 2005 EDHS. In 2000, 73% o f boys and 79%
of girls in the primary school age group did not complete a single year o f education.

17 The UNESCO online data do not have the 2005 estimate for the regional average.
18 The Gender Parity Index here is equal to the ratio of girls’ enrollment to boys’ enrollment. The higher the
GPI, the lower the gap against girls.
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Although there is some improvement when compared to the 2000 survey, the figures in
2005 still show that 62% o f boys and 64% o f girls did not complete a single year o f
education. Another noteworthy observation in Table 4.2 is that the percent o f children
with no education is higher for girls in both 2000 and 2005 samples. The summaries
reported in Tables 4.1 and 4.2 show that primary education in Ethiopia is still beyond the
reach o f millions o f children. This predicament suggests that the Millennium
Development Goal that would mandate universal primary education by the year 2015
seems far from being achieved.
________ Table 4.2. Highest Education Level Attained in Single Years________
Highest education
attained in single
years
Male

2000 EDHS

2005 EDHS
% 0f
% of total Female total
Male
% of total Female % of total
5,638 79.14
5,578
62.02
5,471
64.41
0
5,580
73.09
520
7.30
1164
12.94
1
675
8.84
1114
13.12
2
382
5.37
734
8.16
575
7.53
665
7.83
224
3.14
597
6.63
492
3
339
4.45
5.80
4
220
151
2.13
395
4.39
357
2.88
4.20
93
5
113
1.48
1.30
250
2.78
207
2.44
80
1.12
6
66
0.86
163
1.81
99
1.17
28
7
38
0.49
0.39
79
0.88
65
0.76
8
23
0.30
5
0.08
25
0.28
0.21
18
1
9
0.02
5
0.05
4
6
0.07
0.05
0
0.00
4
0.04
10
0
0.00
0
0.01
7,634
7,124 100.00
8,994
Total
100.00
100.00
8,494
100.00
Source: 2000 and 2005 EDHS (Central Statistical Authority and ORC Macro 2001, 2005).
Note: The values are for primary school-aged children (7-14 years of old); sample weighted
frequencies are reported.

Table 4.3 shows the pair-wise correlation coefficient o f educational outcome
attained by primary school-aged children (7-14 years old) and selected demographic
characteristics o f the household. Two measures o f educational outcome are considered.
The first one is education in single years that ranges from grades 0-10. The other measure
is current enrollment measured by a dummy variable that takes 1, if the household
member in that age group attended the current school year, and 0 otherwise. Household
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demographic characteristics included in the correlation analysis are: (i) four categories o f
household size starting from a household size o f two to a household size o f seven and
above, (ii) total household size (de facto household members), and (iii) number o f sons at
home, (iv) number o f daughters at home, (v) number o f sons elsewhere, (vi) number o f
daughters elsewhere, (vii) share o f sons to total number o f children, (viii) share o f
daughters to total number o f children, and (ix) share o f young children (less than five
years) in the household. The correlation results are reported in Table 4.3.
Table 4.3. Child Education and Demographic Characteristics: Correlations
2000 EDHS
2005 EDHS
Education
Current
Current
in single
school
Education
school
Background characteristics
years
attendance in single years attendance
0.044**
Household size 1-2
0.022**
0.027**
0.048**
0.020*
0.027**
0.038**
Household size 3-4
0.058**
Household size 5-6
-0.002
0.017*
-0.029**
-0.029**
Household size >6
-0.053**
0.007
0.001
-0.049**
Number of household members
0.001
0.001
-0.033**
-0.026**
Number of sons at home
-0.098**
-0.122**
-0.124**
-0.093**
Number of daughters at home
-0.102**
-0.096**
-0.099**
-0.139**
Sons elsewhere
0.006
0.004
-0.002
-0.001
Daughters elsewhere
-0.024*
-0.034*
0.008
0.007
Share of sons to total children
-0.086**
-0.088**
0.018
-0.020
Share of daughters to total children
-0.108**
-0.093**
-0.018
0.020
Share of children below five years of age
-0.195**
-0.148**
-0.173**
-0.097**
Source: 2000 and 2005 EDHS (Central Statistical Authority and ORC Macro 2001, 2005).
Note: Household size included all members in the household; * and ** represent significance at the 5% and
1% levels, respectively

Major observations o f the correlation results from Table 4.3 are: (i) the results
obtained for the two measures o f educational outcome are similar in terms o f significance
and sign o f the correlation coefficients; (ii) the pair-wise correlation between education
and household size is positive at low levels (3-4 and lower) and generally negative at
high levels (5-6 and higher); (iii) education outcome is more responsive to the number o f
children at home than to the number o f children elsewhere; (iv) the share o f young
preschool children in the household is negatively associated with the educational outcome
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o f school-aged children; and (v) the 2000 and 2005 sample in general provided similar
results. The above results roughly indicate the presence o f negative relationship between
education and family size when the latter is large enough. However, the results may not
be interpreted seriously without addressing the presence o f possible confounding
relationships. Therefore, the following sections provide a more detailed analysis o f the
relationship between education and household demographic variables in a multivariate
framework.

4.4 Multivariate Analysis
4.4.1 The Empirical Model
Human capital models developed by Schultz (1960, 1963), Becker (1964), and Mincer
(1974) provide conceptual framework for most empirical studies o f schooling (see
Holmes, 1999, for the review). The underlying assumption is that education is viewed as
an investment good. Thus, in a lifetime-optimizing framework, parents compare the costs
and benefits o f investing on the schooling o f their children. Therefore, a theoretical
framework for evaluating the derived demand determinants o f schooling can be obtained
by including human capital in Becker’s (1981) household production model.
In the above mentioned framework, the altruistic family maximizes a utility
function with key arguments being quantity and quality o f children, leisure, and market
goods. The family’s constraints include time, money and relevant production function.
Education improves the quality o f children, and hence time spent by children and other
education-related outlays enter the production function for child quality. Therefore,
maximizing the utility functions with respect to the constraints offers the reduced demand
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function for the determinants o f quantity o f schooling. Equation (4.1) presents the
reduced form determinants o f quantity o f schooling (for a constant quality o f schooling).

where S*h is educational outcome o f a household member, W is a vector o f wages for
current household members as well as future expected earnings conditional on schooling,
Pm is a vector o f market input prices, Pn is a vector o f non-market prices such as travel
time to school, V is non-eamed household income, X; is a vector o f described individualspecific characteristics, Xh is a vector o f household specific characteristics, and Xc is a
vector o f community characteristics other than Pm and Pn. Using Equation (4.1) as a
background framework o f analysis, the empirical model is modified to account for
demographic variables that are central to this study. Accordingly, following the
implications o f the theoretical background outlined in Chapter 2, the roles o f gender and
gender-differentiated schooling outcomes are analyzed by incorporating detailed variables
on the household’s demographic structure.

4.4.2 Estimation Method
In this study, two different measures o f quantity o f education are employed: current
enrollment status and highest grade attained. Current school enrollment status is a binary
variable that takes 1 if the child is currently enrolled and 0 if the child is not currently
enrolled. All models o f current enrollment status are therefore estimated using probit
specification. The other measure o f child education outcome is highest education level
attained. It is a discrete variable that takes more than two ranked values. Following the
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Ethiopian current primary education system, three categories o f highest grade attained are
identified as follows:
0
S= 1
2

if no education is attained
if 0 < highest grade completed < 4

(4.2)

if highest grade completed > 4

The analysis o f education outcome in this case is complicated by discreteness, non
negative restrictions, probability spikes and the presence o f right censoring. Therefore,
following earlier studies in this area, a censored ordered probit model is estimated (e.g
King and Lillard, 1987; Holmes, 1999). The estimation o f the censored ordered probit
regression model is as follows. S* is defined as the desired level o f schooling, which is a
continuous variable depending on a set o f regressors, x and the residual term e:
S* = x!p + E
(4.3)
However, the desired level o f completed schooling, S*, is not observed. Therefore, those
children who are currently enrolled are censored. However, for those individuals whose
discrete level o f completed education (not currently enrolled at any level), S, is observed.
It is given by
0

if S* < p 0

S= 1

if p 0 < S* = p,

2

if p, < S* = p 2

(4.3)

The p ’s are threshold parameters that denote a transition from one category o f schooling
to the next.19 Under the assumption that s is normally distributed, the conditional
probabilities are given by

19 For example, the probability that a non-enrolled individual is observed to have completed the second
category of schooling (S=2) is the probability that the value of the latent schooling attainment function, S*,
lies between pi and p2.
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Pr(S = 0 1x) = © (p0 - x|P)
Pr(S = l |x ) = © ( p ,- xjp) - O((j,0 - x;p)

(4.4)

Pr(S = 2 | x) = 1 - ®(|i, - x'jP)
where <D is the cumulative standard normal distribution function. Then, to estimate the
model by MLE, a log likelihood function is needed. The likelihood functions for
uncensored observations (Lu) are given by
Lu = © (p0 - xjp) for S = 0
Lu = ®((i, - xjp) - O (p0 - xjp) for S = 1

(4.6)

Lu = 1 - ©(gj - x!p) for S = 2
Similarly, the likelihood function for censored observations (Lc) is derived
First, for individuals still

enrolled, the number o f completed years

as follows.

o f schooling is

unknown. However, it is known that the desired level o f schooling, S*,is greaterthan the
observed, S.Therefore, S* > ps_i, which implies that s > F s - i- x'iP

for S = 0, 1, 2.

Therefore, the likelihood o f the censored observations, Lc, is the probability that the
error, s > p s l - x]P and is given by:

Lc = 1 - 0 (fis., - xjp)

(4 7)

The likelihood function for the sample is obtained by multiplying the likelihood functions
of the uncensored and censored observations as follows:
L -n L u llL c

(4.8)

Equation (4.8) accommodates relevant features o f the dependent variable: non-negative
restrictions, probability sp ik es, discreteness, and right censoring. H ow ever, the estim ated

[3-coefficients (in Equations [4.6] through [4.8]) do not directly represent the marginal
effects o f the independent variables on the probabilities of highest grade attained. The
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marginal effects are given by the following expression (assuming continuous explanatory
variables20):
3Pr(S = 0)
dXj

-^(p0- x iP)pj

SPr(S = 1)
SX j
3Pr(S = 2)

ax,
where <j) is the density function o f standard normal variable.

4.4.3 Data and Measurement of Variables

4.4.3.1 Data
The data for this study come from the two waves o f the EDHS (Central Statistical Agency
and ORC Macro, 2001, 2006). The first survey was completed in 2000 and the second
survey was completed in 2005. The 2000 and 2005 surveys included 14,072 and 14,500
households, respectively. The immediate national and global education priorities are on
universal primary education. Therefore, the analysis is restricted to the primary schoolaged children (7-14 years of age).
The demographic and health survey data is organized in different recodes. The
major source o f the data is the members recode. However, some o f the demographic
variables included in this study are available only for children whose mothers responded
to the w o m e n ’s questionnaire. T herefore, the analysis in this study is restricted to th ose

whose mothers were alive, living in the household, and are in the 15-49 age range.

20 In the case where the explanatory variable is discrete or categorical in nature, the marginal effect of such
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4.4.3.2 Measurement o f Variables
Dependent Variable Table 4.4 presents descriptive statistics o f variables included in
various regression models. This study uses two alternative measures o f child educational
outcome: current school enrollment and highest grade attained. A dummy variable 1 is
given if the child is currently in school and 0 otherwise. Following the current primary
education system o f the country, three categories are identified for the highest level o f
grade attained: 1) no education; 2) the first basic cycle o f the current primary education
system (1-4); and 3) the second cycle o f primary education and beyond (>4).
Explanatory Variables: The explanatory variables are measured as follows. The
main focus o f this study is on those variables related to family size and gender
composition o f the household. Family size is measured by dummy variables for three
categories. The first category is a family with one to four members, the second category is
a family with five to six members, and the last category is a family with seven and more
members. Other focus variables o f the study are the number o f sons at home, the number
of daughters at home, the number o f sons elsewhere, the number o f daughters elsewhere;
and the share o f sons to total number o f children in the household and the share o f young
children (less than five years o f age) to total number o f households and gender (male=l).
Other child-specific variables included in the estimations are: age (in logs) and its
square. These two variables would capture non-linearity and birth cohort effects (Holmes,
1999). Ethiopia is expanding its education coverage at all levels. Therefore, birth cohort
effect is important for educational outcome models as different age groups faced different
education environments. Although all children in the sample under consideration have a
mother in the household, their relationships with the household head may not be primary

a variable is obtained by evaluating the probabilities at alternative values of Xy.

67

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

as son or daughter if the household head is a member other than the mother. Therefore, in
order to capture this relationship, a dummy variable (1= if son/daughter to the head) is
included.
Household-level characteristics include parental education, having a father, and
household’s wealth index. M other’s and father’s education are dummy variables for three
different categories: no education, primary education, and secondary and higher
education. No education is the reference category omitted from the regressions. Having a
father in the household is also captured by a dummy variable. Wealth index is a
continuous variable. The EDHS wealth index is constructed from a number o f assets
possessed by the household and the household’s dwelling characteristics.
Two community-level characteristics are included: place o f residence and region.
The place o f residence indicator is included to control for the likelihood that individuals
in urban areas have access to more schools and more qualified teachers, and may have
lower opportunity costs due to farm employment opportunities or child labor needs at
home that are more important in rural areas. Similarly, regional dummies are included to
control for regional differences in the likelihood that individuals in some regions have
better access to more schools and more qualified teachers than those in other regions.
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Table 4.4. Descriptive Statistics of Model Variables
2000 EDHS
Variable

2005 EDHS

Min Max Mean

SD

Min Max Mean

SD

Current enrollment (b)

0

1

0.34 0.01

0

1

0.41

Highest grade attained

0

2

0.27 0.01

0

2

0.37 0.01

Household size

1

20

6.78 0.05

1

19

6.79 0.05

Household size (1—4)(b)

0

1

0.15 0.01

0

1

0.13

Household size (5-6)(b)

0

1

0.33 0.01

0

1

0.34 0.01

Household size (>6)(b)

0

1

0.52 0.01

0

1

0.53

Sons at home

0

9

2.19 0.04

0

10

1.60 0.04

Daughters at home

0

7

1.82 0.04

0

8

1.35 0.03

Sons elsewhere

0

6

0.32 0.02

0

5

0.18 0.01

Daughters elsewhere

0

6

0.46 0.02

0

6

0.25 0.01
0.54 0.01

0.01

0.00
0.01

Share of sons

0

1

0.54 0.01

0

1

Share of young children

0

0.6

0.16 0.00

0

0.6

0.16 0.00

Child: gender (Male=l)(b)

0

1

0.52 0.01

0

1

0.52 0.00

Child: son/daughter to head (b)

0

1

0.80 0.01

0

1

0.86 0.01

Child: age (In)

1.9

2.6

2.31

0.00

1.8

2.6

2.23

Child: age squared

3.8

7.0

5.37 0.01

3.2

7.0

5.06 0.01

Mother: no education (b)

0

1

0.84 0.01

0

1

0.69 0.01

Mother: primary education (b)

0

1

0.10 0.01

0

1

0.24 0.01

Mother: sec. & higher education (b)

0

1

0.06 0.01

0

1

0.07 0.01

Mother: age (In)

2.7

3.9

3.54 0.01

2.7

3.9

Mother: age sq

7.3

15.1

12.59 0.04

7.3

15.1

11.04 0.04

Father: alive (b)

0

1

0.89 0.01

0

1

0.92 0.00

Father: no education (b)

0

1

0.73

0.01

0

1

0.64 0.01

Father: primary education (b)

0

1

0.16 0.01

0

1

0.26 0.01

Father: sec. & higher education (b)

0

1

0.11

0.01

0

1

0.10 0.01

-1.0

3.4

-0.29 0.03

-3.1

3.8

-0.32 0.02

Wealth index

3.31

0.00

0.01

Residence (Urban=l)(b)
1 0.17 0.02
0
0
1 0.09 0.01
Source: 2000 and 2005 EDHS (Central Statistical Authority and ORC Macro 2001, 2006).
Note: (b) binary indicator; Min=minimum value; Max=maximum value; and SD = standard
deviation.
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4.5 Results and Discussion
4.5.1 Current Enrollment
The maximum likelihood binary probit estimates o f current enrollment status o f children
aged 7-14 are presented in Tables 4.5 and 4.6. Table 4.5 presents three different
specifications for all children (full sample). Explanatory variables in Model 1 include the
number o f sons and daughters in addition to family size. In order to avoid potential
multicollinearity between the family size measures and the number o f sons and daughters
•

•

•

in the household, an alternative measure, share o f sons, is used m Model 2.

21

Table 4.5

reports both coefficients and marginal effects. In Table 4.6, only marginal effects are
reported.
Models 1 and 2 in Table 4.5 show that the family size per se does not affect
current enrollment, i.e. in terms o f children’s current enrollment status, there is no any
clear advantage o f being from a smaller family size. However, the negative effect o f
family size on education is captured by the number o f sons at home (Model 1, Table 4.5)
or the share o f sons at home to total number o f children at home (Model 2, Table 4.5).
The negative relationship between the number o f sons at home and enrollment is more
pronounced on the girls’ education than on the boys’ (Table 4.6).
Other variables that are found significant in various models o f current enrollment
status presented in Table 4.5 are the share o f young children in the household, gender and
age of the child, the child’s relationship with the household head, parental education, and
wealth index o f the household and residence. Accordingly, as expected, being male
increases the likelihood o f current enrollment. Age and age-squared variables show
significant enrollment o f an older child but at a decreasing rate. This result is expected
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because children enter school at an older age. Other expected significant determinants
include parental education and wealth index. In most cases the education variables are
found to have similar significance and marginal effects. The survey year dummy is also
significant in all models, implying improvement in current enrollment in the 2005 sample
when compared to the

2 0 0 0

sample.

Table 4.5. Binary Probit Estimates of Current Enrollment
Model 2

Model 1

Variables
Constant

Coef.

t-value

-26.01 (-9.29)**

ME
-

Coef.

t-value

-25.09 (-7.09)**

ME
-

Household size (5-6) “

-0.02 (-0.38)

-0.01

-0.01 (-0.15)

0.00

Household size (>6)“

-0.04 (-0.67)

-0.02

-0.01

Sons at home

-0.03 (-2.03)*

-0.01

-0.03 (-0.51)
--

Daughters at home

0.03(1.67)

0.01

-

Sons elsewhere

0.02(0.71)

0.01

-

Daughters elsewhere

0.01 (0.49)

0.00

-

Share of sons

-

Share of young children

-0.44 (-2.95)**

Child: gender (Male=l)
Child: son/daughter to head

-

-0.23 (-3.42)**

-0.08

-0.16

-0.41 (-2.69)**

-0.15

0.20(5.54)**

0.07

0.22(6.21)**

0.08

0.51(8.82)**

0.17

0.55(8.97)**

0.17

Child: age (In)

16.50(14.04)**

6.02

16.10(13.49)**

5.84

Child: age squared.

-3.23 (-12.51)**

-1.18

-3.14 (-11.96)**

-1.14

Mother: primary edu/'

0.26(4.50)**

0.10

0.24(3.93)**

0.09

Mother: sec. & higher edu/'

0.20(1.94)

0.07

0.19(1.68)

0.07

Mother: age (In)

2.11(1.44)

0.77

1.88(0.99)

0.68

Mother: age squared

-0.30(-1.38)

-0.11

-0.26 (-0.97)

-0.10

Father: alive

0.09(1.70)

0.03

0.07(1.33)

0.02

Father: primary education*

0.28(6.72)**

0.10

0.27(6.19)**

0.10

0.32(4.23)**

0.12

0.31(3.92)**

0.12

Father: sec. & higher edu. *

Wealth index
0.68(11.19)**
0.25
0.72(11.26)**
0.26
Residence (Urban=l)
0.29(3.04)**
0.11
0.28(2.86)**
0.10
Survey year (2005=1)
0.38(7.69)**
0.13
0.39(7.71)**
0.14
Log likelihood
-10,052
-9,449
Observations
19,177
18,129
Note: All the models are controlled for 11 regional differences. However, the coefficients are
suppressed to minimize space. ME=marginal effects; “ the reference category omitted from the
regressions is household size less than 5; 6 the reference category omitted from the regressions is
“no education”; values in parentheses are t-values, * and ** denote significance at 5% and 1%
levels, respectively.
21 The share of sons is consistently used in all other estimates of current enrollment (Table 4.6).
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Table 4.6. Binary Probit Estimates of Current Enrollment by Residence and Gender
Variable

Rural

Urban

Boys

Girls

ME t-value

ME t-value

MEt-value

MEt-value

HH size (5-6)"

-0.01 (-0.32)

-0.01 (-0.17)

-0.01(-0.25)

-0.01 (-0.19)

HH size (>6)“

-0.02 (-0.95)

0.10(1.61)

-0.02(-0.64)

-0.01(-0.31)

Share of sons

-0.09 (-3.63)**

0.04 (0.66)

-0.06(-1.59)

-0.09(-3.10)**

Share of young children

-0.11 (-1.93)

-0.35 (-1.79)

-0.07(-0.91)

-0.22(-3.02)**

-0.02 (-0.49)

-

Child: (Male=l)

0.09(6.51)**

Child: son/daughter to head

0.15(7.40)**

0.39(6.82)**

0.20(7.05)**

0.14(6.03)**

Child: age (In)

5.45(11.94)**

10.51(8.18)**

5.29(8.65)**

6.30(10.92)**

-2.17 (-7.64)**

-1.00(-7.39)**

-1.26(-9.93)**

Child: age sq.

(-1.0510.47)**

-

0.09(3.65)**

0.04(0.70)

0.09(2.90)**

0.10(3.47)**

Mother: sec. & higher edu. * 0.19(2.82)**

0.09(1.36)

0.09(1.61)

0.05(1.00)

Mother: age (In)

0.32(0.46)

4.07(1.66)

-0.26(-0.28)

1.58(1.83)

Mother: age sq.

-0.04 (-0.44)

-0.57 (-1.59)

0.04(0.28)

-0.22(-1.78)

Father: alive

0.03(1.35)

0.06(1.01)

0.03(1.15)

0.02(0.85)

Father: prim, edu.*

0.10(5.62)**

0.05(1.09)

0.10(4.78)**

0.09(4.33)**

Father: sec. & higher edu.*

0.02(0.62)

0.04(0.67)

0.03(0.83)

0.00(-0.04)

Wealth index

0.30(10.69)**

0.18(4.88)**

0.27(9.56)**

0.25(8.74)**

0.07(1.44)

0.13(2.87)**

0.11(4.93)**

0.16(7.98)**

Mother: prim.edu.*

Resid. (Urban)
Survey (2005=1)
Log likelihood

0.14(7.31)**

0.10(2.15)*
-696

-8,668

-4,957

-4,428

Observations
16,846
2,878
9,432
8,787
Note: All the models are estimated with constant and controlled for 11 regional differences. However,
the coefficients are suppressed to minimize space. ME=marginal effects; a the reference category
omitted from the regressions is HH (household) size less than 5; * the reference category omitted from
the regressions is “no education”; values in parentheses are t-values, * and ** denote significance at the
5% and 1% levels, respectively.

Table 4.6 disaggregates the sample and presents separate estimates o f the rural, the urban,
and the boys’ and girls’ samples. Estimating current enrollment using different sample
categories provides interesting results. An important observation is that the results
obtained for all children is generally confirmed by the rural sample but not by the urban
sample. For example, the negative effect o f the share o f sons in the household on current
enrollment o f children is supported by the rural but not by the urban sample. Given the
fact that the rural sample accounts more than 80% o f the total sample, the result is
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expected. Similarly, gender-specific estimates show that the negative effect o f share o f
sons in the household is significant in the girls’ sample but insignificant in the boys’
sample. Another result obtained from gender-specific estimations is that the share young
children in the household is significant in the girls’ sample but not in the boys’.

4.5.2 Highest Grade Attained
The regression results o f highest grade attained are presented in Tables 4.7 through 4.9.
The grades are classified into three categories for primary school-aged children. Because
the age group considered in this study is primary school-age children, it is possible that
“no education” (i.e., highest grade attained = 0 ) may not necessarily reflect no attainment
in the sense o f lifetime outcome. In that case, censoring zero values would not be
appropriate. Therefore, for comparison, both censored and uncensored results are
reported . 2 2 Table 4.7 is for all children and reports beta coefficients. The marginal effects
are given in Table 4.8. The interpretation o f marginal effects in ordered data is different.
For example, if the relationship between family size and highest grade attained is
negative, the marginal effect should be positive when highest grade is 0 (i.e., S=0) and
negative when highest grade is greater than zero (i.e., S=1 and S=2).

22 The coefficients and the threshold parameter were obtained using the LIMited DEPendent variable
models (LIMDEP Version 8) package. The lowest threshold (pO) is normalized to zero. Therefore, one
threshold parameter (p i) is reported.
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Table 4.7. Ordered Probit Estimates o f Highest Grade Attained

Variable
Constant

Model 1
uncensored
Coeff. t-value

Model 2
censored
Coeff. t-value

Model 3
censored
Coeff. t-value

-17.65 (-8.56)**

-28.35 (-18.09)**

-23.96 (-12.56)**

Household size (5 -6 )a

-0.04 (-1.04)

-0.03 (-1.16)

-0.03 (-0.97)

Household size (>6)a

-0.06 (-1.42)

-0.06 (-2.04)*

-0.05 (-1.74)

Sons at home

-0.02 (-1.98)*

-0.03 (-4.01)**

Daughters at home

0.02 (1.91)

0.03 (3.66)**

Sons elsewhere

0.03 (1.57)

0.02 (1.64)

Daughters elsewhere

-17.65 (-8.56)**

0.04 (2.86)**

Share of sons

-0.19 (-5.87)**

Share of young children

-0.40 (-4.04)**

-0.48 (-6.45)**

-0.44 (-5.61)**

Child: gender (Male=l)

0.18 (7.60)**

0.22 (12.57)**

0.23 (12.45)**

Child: son/daughter to head

0.43 (11.91)**

0.54 (21.24)**

0.56 (20.35)**

Child: age (In)

10.49 (10.99)**

17.88 (23.85)**

17.16 (21.98)**

Child: age sq.

-1.66 (-7.98)**

-3.31 (-20.36)**

-3.15 (-18.57)**

Mother: primary edu. b

0.20 (6.08)**

0.26 (10.49)**

0.23 (8.71)**

Mother: sec. & higher edu. b

0.04 (0.74)

0.16 (3.53)**

0.15 (2.84)**

Mother: age (In)

0.47 (0.45)

1.76 (2.26)*

-0.30 (-0.31)

Mother: age sq.

-0.07 (-0.49)

-0.25 (-2.21)*

0.05 (0.32)

Father: alive

0.04 (1.34)

0.05 (2.58)**

0.05 (2.34)*

Father: primary edu. b

0.29 (10.46)**

0.34 (15.66)*

0.34 (15.19)**

Father: sec. & higher edu. b

0.35 (8.63)**

0.38 (11.92)**

0.38 (11.15)**

Wealth index

0.60 (19.40)**

0.76 (29.35)**

0.79 (29.43)**

Residence (Urban=l)

0.48 (9.14)**

0.43 (10.76)**

0.42 (10.16)**

Survey year (2005=1)

0.50 (21.15)**

0.53 (29.08)**

0.53 (28.38)**

Threshold parameter (/xl)

1.78 (70.47)**
-9,758

0.59 (17.88)**
-7,687

0.60 (17.27)**

Log likelihood
Total observations
Censored observations

-7,185

19,123

18,060

18,060

-

6,805

6,805

11,225
11,225
Uncensored observations
Note: All the models are controlled for 11 regional differences. However, the coefficients are
suppressed to minimize space. “ the reference category omitted from the regressions is household size
less than 5* the reference category omitted from the regressions is “no education”; * and ** denote
significance at the 5% and 1% levels, respectively.
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Table 4.8. Marginal Effects of Ordered Probit Estimates
______________ of Highest Grade Attained_____________
Uncensored
Variable
HH size (5 -6 )a
HH size (>6)a

Censored

S=0

S=1

S=2

s=o

S=1

S=2

0.01

-0.01

0.00 0.01

0.00

-0.01

0.02*

-0.02**

0.00 0.02

-0.01*

-0.01

Sons at home

0.01*

-0.01*

0.00 0.01**

0.00**

-0.01

Daughters at home

-0.01*

0.01

0.00 -0.01** 0.00**

0.01

Sons elsewhere

-0.01*

0.01

0.00 -0.01

0.00

Daughters elsewhere

-0.01**

0.01**

0.00 -0.01** 0.00**

Share of young children

0.12**

-0.11**

-0.01 0.15**

Child: gender (Male=l)

-0.05**

0.05**

0.00 -0.07** 0.03**

0.04

Child: son/daughter to head

-0.11**

0.10**

0.00 -0.14** 0.07**

0.07

Child: age (In)

-3.01**

2.86**

0.15 -5.61** 2.47**

3.14

Child: age sq.

0.48**

-0.45**

-0.02 1.04** -0.46** -0.58

-0.06**

0.06**

0.00 -0.09** 0.03**

0.05

Mother: primary edu.b
Mother: se. c& higher edu.b

0.00

0.01

-0.07** -0.08

-0.01

0.01

0.00 -0.05** 0.02**

0.03

Mother: age (In)

-0.13

0.13

0.01

0.24*

0.31

Mother: age sq.

0.02

-0.02

0.00 0.08*

-0.04*

-0.04

Father: alive

-0.01**

0.01**

0.00 -0.02** 0.01**

0.01

-0.09**

0.08**

0.01

-0.11** 0.05**

0.07

Father: primary edu. b
Father: sec. & higher edu.b

-0.55*

-0.11**

0.10**

0.01

-0.13** 0.05**

0.08

Wealth index

-0.17**

.0.16**

0.01 -0.24** 0.10**

0.13

Residence (Urban=l)

-0.15**

0.14**

0.01

0.09

-0.15** 0.06**

Survey year (2005=1)

-0.14**
0.13**
0.01 -0.16** 0.07** 0.09
Note: This table is the marginal effects version of Table 4.7 (Column 1 and 2). All the
models are controlled for 11 regional differences. However, the coefficients are
suppressed to minimize space. * the reference category omitted from the regressions is
HH (household) size less than 5; * the reference category omitted from the regressions
is “no education”; * and ** denote significance at the 5% and 1% levels, respectively.

An important observation is that, in terms o f significant determinants, the results
o f the ordered probit models (censored and uncensored) presented in Tables 4.7-4.9
generally parallel the results o f the binary probit estimates discussed in the last section.
As in the enrollment estimates, the negative relationship between family size and
educational outcome is generally captured by the number o f sons at home or share o f sons
to total number o f children at home. Family size per se is significant in some models
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with differing signs and insignificant in others. Moreover, the number o f daughters at
home are found positively rated to highest grade attained (Table 4.7).
Another similarity between the current enrollment status model and the highest
grade attained model is the performance o f control variables. As in the enrollment model,
most o f the control variables are found significant with their respective expected signs in
the full sample estimates o f highest grade attained (Table 4.7). These include the share o f
young children, gender, the child’s relationship with the household head as a son or as a
daughter, age and age squared, parental education, the household’s socioeconomic status
(measured by wealth index), and place o f residence. In addition, controlling for the survey
year shows improvement in educational attainment in 2005.
As shown in Table 4.8, the marginal effects obtained for ordered probit results
and binary probit estimates are similar. However, censored and uncensored ordered probit
estimates provided different marginal effects. For example, the marginal effect o f the
uncensored model shows that a unit increase in the number o f sons at home decreases the
chance o f the children’s highest-grade attainment (from no education to the basic primary
cycle) by less than 1%. The impact is lower in the censored model.
The marginal effects o f both censored and uncensored models o f highest grade
attained presented in Table 4.8 show that stronger impacts come from other determinants
o f highest-grade attainment rather than family size variables. For example, for a child
with no education, the likelihood to move to the first cycle decreases by 7-11% for a unit
increase in the share o f young children at home; increases by 247-286% for a unit
increase in the log of the child’s age; and increases by 10-16% for a unit increase in the
household’s wealth index. Similarly, other factors such as parental education and the
child’s place o f residence all have a larger impact than family size variables.
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Another similarity between the results o f highest grade attained and current
enrollment is exhibited by the performance o f each measure o f educational outcome in
different sub-samples.

As in the case o f current enrollment, the association between

family size and highest grade attained is not similar for rural and urban children. In Table
4.9, the results o f highest grade attained in the rural sample shows that both family size
and share o f sons are significant. However, the urban sample shows no influence o f these
two variables. The rural and the urban models are also different in terms o f the effect of
parental education. Both the father’s and the mother’s education are strongly related to
highest grade attained in the rural sample but not in the urban sample.
Separate estimates o f highest grade attained for boys and girls presented in Table
4.9 indicate that they are similar in most cases except on the role o f young children in the
household. As in the case o f current enrollment estimates, an increase in the share o f
young children in the household reduces girls’ educational attainment but not boys’. The
result is expected because child care is primarily a duty o f girls.
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Table 4.9. Censored Ordered Probit Estimates of Highest Grade Attained
______________________ by Residence and Gender______________________
Variable

Rural
Coeff.

t-value

Urban
Coeff. t-value

Boys
Coeff.t-value

Girls
Coeff. t-value

-20.67 (-8.18)**

-55.02 (-7.83)**

-20.75(-8.00)**

-27.71(-9.29)**

HH Size (5-6)a

-0.05 (-1.43)

0.01(0.10)

-0.09(-2.31)*

0.00(0.01)

HH Size (>6)a

-0.09 (-2.76)**

0.30(3.24)**

-0.11(-2.64)**

-0.03(-0.77)

Share of sons
Share of young
children

-0.22 (-6.39)**

0.11(0.96)

-0.14(-3.06)**

-0.17(-3.51)**

-0.13(-1.23)

-0.71(-6.22)**

Constant

Child: (Male=l)
Child: son/daughter to
head

-0.30 (-3.48)**
0.25(13.03)**

-1.01 (-3.98)**
-0.08 (-1.17)

0.45(14.02)**

1.21(13.59)**

0.62(16.43)**

0.50(11.46)**

Child: age (In)

15.51(18.01)**

29.96(11.28)**

17.99(15.47)**

17.22(15.34)**

Child: age sq.

-2.78 (-14.91)**

-5.94 (-10.20)**

-3.25(-12.96)**

-3.23(-13.20)**

Mother: prim. edu.b
Mother: sec. & higher
edu.b

0.23 (7.83)**

0.15(1.57)

0.20(5.67)**

0.26(6.23)**

0.58(6.60)**

0.23(1.95)

0.21(2.69)**

0.12(1.43)

Mother: age (In)

-1.36 (-1.30)

9.08(2.61)**

-2.71(-2.01)**

1.90(1.27)

Mother: age sq.

0.20(1.30)

-1.25 (-2.49)*

0.38(1.97)*

-0.26(-l .19)

Father: alive

0.06(2.29)*

0.21(3.66)**

0.05(1.14)

0.06(2.34)*

Father: prim. Edu.b
Father: sec & higher
edu.b

0.33(13.88)**

0.15(1.53)

0.36(11.39)*

0.32(9.59)**

0.36(9.39)**

0.36(3.79)**

0.35(7.14)**

0.40(7.96)**

Wealth index

0.94(28.53)**

0.48(7.75)**

0.83(21.80)**

0.78(19.42)**

Resid.(Urban=l)
0.31(5.37)**
0.52(7.92)**
Survey (2005=1)
0.40(5.56)**
0.54(26.93)**
0.45(17.75)**
0.64(21.63)**
Threshold parameter
0.64(15.94)**
0.47(6.08)**
0.61(12.74)**
0.60(11.64)**
(Ml)
-6,474
Log likelihood
-613
-3,724
-3,383
Total observations
15,194
2,866
9,308
8,751
Censored obs.
4,646
707
3,684
3,121
Uncensored obs.
10,548
2,159
5,625
5,630
Note: All the models are censored and controlled for regional differences; “ the reference category omitted
from the regressions is HH (household) size less than 5 ; 6 the reference category omitted from the regressions
is “no education”; * and ** denote significance at the 5% and 1% levels, respectively.

78

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

4.5.3 Discussion
Endogeneity o f family size is often cited as the most important empirical challenge in
estimating the effect o f family size on child schooling. Two sources o f endogeneity stand
out. First is parental heterogeneity, where parents jointly determine quantity and quality,
i.e., if parents who value education more also prefer to have fewer children, then the
correlation between quantity and quality may be driven by parental preferences rather
than by family size. Second, an endogeneity problem could arise if parental fertility
choice o f the second child is based on the quality o f the first. In this case, parents may
choose to have the second birth if they are satisfied by the quality o f the first birth. In both
cases the OLS estimate o f the family size effect will be biased upward. Similar to the
results obtained by Anh et al. (1998), all the family size variables are insignificant and
therefore there is no strong evidence o f endogeneity. However, the focus variables o f this
study, the number of sons, and the share o f sons are significant in most models. The
problem o f endogeneity would still arise if those parents who do not have gender
preference (in terms o f allocation o f resources to the schooling o f their children) also
value education more than those parents with gender preference. Therefore, the estimates
presented earlier could be biased upward.
That challenge, however, is to find a convincing instrument that is strongly
correlated with the share o f sons or number o f sons at home but not with educational
outcome. No previous work is available in this area. However, on a closely related issue,
a number o f studies attempted to instrument family size with twins or sex composition o f
the first two children as an instrument (e.g., Rosenzweig and Wolpin, 1980; Conley,
2004), or household fixed effects in panel data (Guo and VanWey, 1999; Black,
Devereux and Salvanes, 2004). However, these instruments are problematic because
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twins and sex composition affect child outcomes. Similarly, the fixed effects estimates
may be biased if unobserved household-level heterogeneity are time varying (see Qian,
2006 for a review). Moreover, the data used in this study do not offer convincing
instruments to address the endogeneity o f family size-related variables.
Given the nature o f the data and the focus variables o f this study, enumeration
area fixed effect models are estimated.

Table 4.10 reports the results o f enumeration

area fixed effect estimates o f current enrollment status and highest grade attained. Since
the findings o f this study with respect to the significance o f focus variables hold primarily
for rural areas, the fixed effect estimates are only for the rural sample. The results in
Table 4.10 confirm the findings o f binary probit and censored and uncensored probit
models discussed in the previous sections.
Overall, the primary finding o f this study is that there is no strong evidence o f the
relationship between family size and educational outcome o f the primary school-aged
children in Ethiopia. However, there is strong evidence on the negative relationship
between the number o f sons at home (or the share o f sons) and educational outcome o f
children. The finding is robust to changes in the dependent variable and estimation
method.

23 Household fixed effects cannot be undertaken using the DHS data because the focus variables are
household level variables and do not vary at the household level since the data is cross sectional. Instead, I
used the next upper level within which the focus variables vary without losing important explanatory
variables. In these estimations, variables that do not vary within a given enumeration area, such as
residence and regions, are excluded.
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Table 4.10. Enumeration Area Fixed Effect Estimates
Variable

Highest Grade Attained

Current Enrollment status
Coef. t-value

Constant

-5.27 (-8.86)**

Coef. t-value
-5.44 (-7.38)**

Coef. t-value

Coef. t-value

-0.34 (-0.58)

-0.14 (-0.19)

Household size (5-6)a

0.00 (-0.25)

-0.02 (-1.32)

0.00 (-0.09)

-0.01 (-1.09)

Household size (>6)a

-0.01 (-0.76)

-0.03 (-2.40)*

0.00 (-0.31)

-0.02 (-1.62)

Sons at home

-0.01 (-3.38)**

-0.01 (-2.01)*

Daughters at home

0.00(1.06)

0.00(0.49)

Sons elsewhere

0.01(1.13)

0.02(2.75)

Daughters elsewhere

0.01(1.44)

0.01(2.14)

Share of sons
Share of young children

-0.05 (-3.67)*
-0.07 (-2.25)*

-0.07 (-2.39)*

-0.01 (-0.68)
-0.05 (-1.79)

-0.04 (-1.48)

Child: (Male=l)
Child: son/daughter to
head

0.06(8.41)**

0.06(8.52)**

0.05 (7.64)**

0.05 (7.04)**

0.09(8.34)**

0.08(7.04)**

0.08(6.77)**

0.07(5.80)**

Child: age (In)

2.97(13.06)**

2.88(12.34)**

-0.69 (-3.06)**

-0.76 (-3.29)**

-0.54 (-10.67)**

-0.52 (-9.98)**

0.31(6.11)**

0.32(6.28)**

Mother: primary edu.b

0.05(4.34)**

0.05(3.89)**

0.03(2.70)**

0.03 (2.59)**

Mother:sec. & higher edu,b

0.12(3.55)**

0.12(3.33)**

0.10(2.84)**

0.13(3.47)**

Mother: age (In)

0.01(1.25)

0.01(1.07)

0.00 (-0.11)

0.00 (-0.10)

Mother: age squared

0.07(7.16)**

0.07(6.75)**

0.06(6.46)**

0.06(6.32)**

Father: alive

0.02(1.46)

0.03(1.47)

0.04(2.57)**

0.04(2.22)*

Father: prim. edu.6

0.95(2.97)**

1.12(2.77)**

0.30(0.95)

0.20(0.51)

-0.14 (-2.93)**

-0.16 (-2.76)**

-0.05 (-0.98)

-0.03 (-0.47)

Wealth index

0.23(17.09)**

0.24(17.18)**

0.22(16.16)**

0.22(15.89)**

Survey year (2005=1)

0.12(14.55)

0.12(14.32)

Child: age squared.

Father: sec. & higher edu 4

0.10(11.66)**

0.10(11.58)**

F (498, N-498)

4.44

4.42

3.76

3.74

Number of categories

499

499

499

499

Number of obs
16,083
15,247
16,035
15,201
Note: The estimation is based on the rural sample only; “ the reference category omitted from the
regressions is HH (household) size less than 5; 6 the reference category omitted from the regressions is
“no education” ; * and ** denote significance at the 5% and 1% levels, respectively.

T he results obtained b y estim ating both current enrollm ent and h igh est grade

attained are in general consistent with the basic assumptions o f the theoretical framework
outlined in Chapter 2. The analysis in Chapter 2 stresses that parents give priority to sons
when it comes to investment on the schooling o f their children, and therefore, when there
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are resource constraints, the likelihood o f girls’ enrollment (or educational attainment) is
more affected than that o f boys. In addition, the fact that traditional values are more
pervasive in rural than urban areas, the negative relationship between children’s
schooling and the number o f sons (or share o f sons) is more pronounced in rural than
urban areas. The results are confirmed by alternative measures o f schooling.
However, although the negative effect o f family size and education is captured
consistently by the number or share o f sons in the household, the marginal effects show
that the impact is not economically significant. For instance, a unit increase in sons in the
household reduces the likelihood o f enrollment for school-aged children in the household
by 1% (Table 4.5 and 4.10). Nevertheless, household demographic structure is still a
relevant predictor of children’s schooling outcomes. Related variables such as gender and
the share o f young children in the household are consistently significant in most
specifications. Moreover, these variables clearly show the presence o f gender-biased
schooling outcomes. First, as expected, the gender dummy is positive and significant in
all specifications. However, there is no male advantage in schooling in urban areas. The
opportunity cost o f girls’ time, early marriage, and less value to girls’ education are
among the explanations for gender-biased education outcome in rural areas.
Second, the share o f young children in the household is negative and significant in
most specifications except the boys’ sample. The literature provides two possible
explanations for the negative impact o f younger siblings on educational attainment. One
is the “confluence model” that attributes the effect o f siblings to the psychological climate
o f the family (see Conley, 2000). According to the confluence model, the family with a
lot of children provides a relatively inferior intellectual climate since children dominate
the household. The other explanation is associated with the opportunity cost o f older
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siblings’ time. More young children imply more childcare needs at home, which is among
the primary household activities o f girls. The result o f this study seems to favor the latter
explanation because when the sample is disaggregated by gender, the role o f young
siblings is found significant in the girls-only sample but not in the boys-only sample.
In addition to variables related to family size and gender composition, both
current enrollment and highest grade attained are determined by other factors, including
age of the child, the child’s relationship with the household head, parental education and
wealth index. Variables such as wealth index o f the household and child age have larger
marginal effects than family size. For example, a unit change in the household’s wealth
index improves the likelihood o f current enrollment by about 25%. Its impact is larger in
rural than urban areas with respective marginal effects o f 30% and 18%. As consistently
exhibited in all models, the largest significant marginal effect comes from age and age
squared. The result shows that both current enrollment and highest grade attained increase
with age at a decreasing rate.

4.6 Summary and Conclusions
This study investigates the effect o f family size and gender on educational outcomes o f
the primary school-aged children in Ethiopia. It tests the idea that in some traditional
societies gender preference would influence parental schooling investments on their
children. As a result, the effect o f family size on educational outcome is better understood
by looking at the relationship between the number o f children with the preferred gender
and education rather than using aggregate measure o f family size. Two measures of
educational outcome are considered: current enrollment status and highest grade
completed. Probit models are used to estimate current enrollment status, whereas
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censored and uncensored ordered probit models are used to estimate highest grade
completed. All the models are estimated for different sample categories: the national
sample, the rural sample, the urban sample, the girls’ sample, and the boys’ sample. In
addition, enumeration area fixed effects o f current enrollment and highest grade attained
are also estimated using the rural sample.
Binary probit estimates, censored and uncensored ordered probit estimates, and
enumeration area fixed effects show that no strong evidence on the relationship between
family size and children’s education. Although the country’s population policy advocates
a total fertility rate o f 4 children per woman, no significant advantage is found for a child
coming from a small family. However, there exists strong evidence on the negative
relationship between the number o f sons at home or the share o f sons at home and
children’s enrollment status and highest grade attained in rural areas. Most importantly,
the girls’ education is decreasing with the number o f sons at home or the share o f sons at
home. The relationship, though, is on statistical but not economical significance. A unit
increase in the number o f sons at home reduces the likelihood o f enrollment or highest
grade attained by about 1%. Nevertheless, other demographic aspects o f the household,
such as gender and younger siblings at home, are still relevant constraints for educational
outcome o f girls.
The fact that the results are robust to changes in alternative measures o f education
and estimation methods but not to changes in sample categories implies the presence o f
systematic differences across gender and place o f residence. The determinants o f
children’s educational outcomes in rural areas are not the same as in urban areas.
Similarly, some determinants, such as the share o f younger siblings in the household,
affect the boys’ and the girls’ educational outcomes differently. Intervention in each case
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would require customized approaches. Finally, it should be cautioned, however, that the
EDHS data are limited in providing satisfactory control o f demand and supply side
determinants o f education.
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CHAPTER V

MATERNAL EDUCATION AND CHILD NUTRITION: EVIDENCE FROM THE
ETHIOPIA DEMOGRAPHIC AND HEALTH SURVEYS

5.1 Introduction
The strong relationship between maternal education and child health outcomes is widely
documented and largely undisputed (Frongillo, de Onis, and Hanson, 1997; Variyam et
al., 1999; Alderman et al., 2000; Smith and Haddad, 2000). A large body o f literature
documents that maternal education works through a number o f pathway variables that
directly affect child health outcomes. The list includes a number o f maternal, household,
and community characteristics such as socioeconomic status, geographic residence,
nutritional and health knowledge, autonomy, and health-seeking and reproductive
behavior (Desai and Alva, 1998; Glewwe, 1999; Webb and Block, 2004; Frost, Forste,
and Haas, 2005).
Therefore, the impact o f education on child health is greatly attenuated when
selected mediating factors are included in the model. However, there is a broad
disagreement on the role o f the various linkages through which the impacts o f maternal
education on child health outcomes are transmitted. Moreover, it is noted that the impact
o f maternal education could be different to different markers o f child nutritional status
(W ebb and B lo ck , 2 004).

This study models selected pathways linking maternal education and child
nutritional status in Ethiopia using the 2000 and 2005 Ethiopia Demographic and Health
Surveys (EDHS). The study empirically investigates how maternal education and its
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various pathways affect chronic (height for age) and acute (weight for height)
malnutrition in children younger than five years. The study addresses the following three
questions: (1) Does maternal education work through selected pathways such as
socioeconomic status, maternal health-seeking behavior, and maternal knowledge o f
family planning and health? (2) How do maternal education and its pathways perform in
models o f different types o f child malnutrition? (3) What are the policy and program
implications?
The study is motivated by some observations from recent developments on child
nutritional status in Ethiopia. First, the 2005 EDHS shows significant improvement in
child nutritional status when compared to the results o f the preceding survey conducted in
2000. Second, the changes have been different to different types o f child malnutrition.
Chronic malnutrition declined while acute malnutrition remained the same on average
(Central Statistical Authority and ORC Macro, 2001, 2006). Third, the availability o f
comparable data would provide an opportunity to investigate the performance o f the
determinants o f child nutritional status over time. Fourth, malnutrition is a leading cause
o f child death in developing countries (Black, Morris, and Bryce, 2003), and reducing
child mortality is among the major priorities included in the Millennium Development
Goals (MDGs). Because prevalence o f child malnutrition and infant mortality in Ethiopia
is among the highest in developing regions, the issue is o f national and international
concern.
Previous studies on child nutritional status in Ethiopia focused on identifying the
determinants o f chronic malnutrition from a one-time survey (e.g., Girma and Genebo,
2 0 0 2

) or without due emphasis on the impact o f education in various contexts (e.g.,

Christiaensen and Alderman, 2004). My study expands the discussion in two ways. First,
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the study analyzes the effect o f maternal education on child nutritional status considering
a more comprehensive array o f linkages. Second, the study considers both chronic and
acute malnutrition.
The rest o f the chapter proceeds as follows: Section 5.2 presents a brief summary
o f previous studies. Section 5.3 provides a background on the prevalence and recent
changes in child nutritional status in Ethiopia. Section 5.4 is on the multivariate analysis
including the empirical framework and the data. Section 5.5 discusses the results. Finally,
concluding remarks are provided in Section 5.6.

5.2 Literature Review
Education determines other socioeconomic factors that are essential to child health.
Therefore, the quest for the links through which maternal education influences child
health has been an important area o f research and policy dialogue (see Desai and Alva,
1998, and Frost, Forste, and Haas, 2005, for the review). The pathways would include
nutritional knowledge, health knowledge, socioeconomic status, attitude toward modem
health care services, autonomy, and reproductive behavior, and even place o f residence
(Desai and Alva, 1998; Glewwe, 1999; Frost Forste, and Haas, 2005).
The debate on the relationship between maternal education and its pathways
touched on several aspects o f the issue.

One o f these concerns is the relationships

between formal schooling and nutritional or health knowledge (Glewwe, 1999; Webb and
Block, 2004). Glewwe (1999) argues that there exist three possible mechanisms through
which formal schooling influences maternal health knowledge. First, future mothers
directly acquire health knowledge from formal schooling. Second, the literacy and
numeracy skills acquired in school assist future mothers in diagnosing and treating child
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health problems. Third, exposure to modem society through formal schooling makes
women more receptive to modem medical treatments. Based on data from Morocco,
Glewwe finds that “mother’s health knowledge alone appears to be the cmcial skill for
raising child health.” He then suggests that health education should be directly taught in
schools at a young age so that girls will have some knowledge even if they drop out of
school early.
The multidimensional impacts that education and its pathways have on child
health outcome are far from trivial. Important connections exist not only between
maternal education and its linkages but also between the linkages themselves.
Socioeconomic status affects health-seeking behavior by facilitating modem health care
utilization.

Socioeconomic status also enhances maternal nutritional and health

knowledge. Nutritional knowledge may also augment the impact o f income or
socioeconomic status on child health.
Christiaensen and Alderman (2004) explore the role o f maternal nutritional
knowledge in augmenting the impact o f income on child stunting in Ethiopia. In their
study, maternal nutritional knowledge is measured by the “community’s diagnostic
capability o f growth faltering.” Using data from three consecutive welfare-monitoring
surveys over the period 1996-1998, they find that that household resources, food prices,
and parental education are key determinants o f child malnutrition. Most importantly,
Christiansen and Alderman show that maternal nutritional knowledge plays an important
role in the determination o f child malnutrition.
The available findings on the relationships between maternal education and child
health are also challenged by the choice o f a proxy for child health. Unlike most o f the
literature that does not discriminate between types o f malnutrition, Webb and Block
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(2004) investigate the effect o f formal schooling and mother’s nutritional knowledge on
chronic and acute malnutrition. Using data from rural Central Java, Indonesia, Webb and
Block argue that it is critical to distinguish the effects of formal schooling from the
effects o f specific nutrition knowledge.

Their findings show that formal schooling is

more responsive to long-term malnutrition than short-term. They also note that formal
schooling is among the important sources o f nutrition knowledge.
Another aspect o f the debate on maternal education and child nutritional status
deals with the effectiveness of the links. Some studies argue that the effect o f maternal
education on child health is fully mediated by selected pathways. For instance, Desai and
Alva (1998) analyze the effect o f maternal education on three measures o f child health:
infant mortality, height for age, and immunization status. Based on the first round o f DHS
data from

2 2

developing countries, they argue that education is a proxy for

socioeconomic status and geographic residence. Therefore, they argue, when these
variables are incorporated in the model, the effect o f maternal education retains its
significance in only “a handful o f countries.”
However, recent evidence shows that the direct effect o f education remains
significant in fully specified models. In this regard, Frost, Forste, and Haas (2005)
consider a more comprehensive list o f pathway variables. Using data from the 1998
Bolivian DHS, they examine selected pathways, including “socioeconomic status, health
knowledge, modem attitudes toward health care, female autonomy, and reproductive
behavior” (p. 400).24 They find that socioeconomic factors are the most important

24 All but reproductive behavior are constructed by principal component analysis from a number of related
variables included in the Bolivian DHS. Each pathway incorporates several interrelated indicators. For
instance, socioeconomic status is measured by household wealth (owning a television, radio, refrigerator, or
phone) and household environment (electricity, piped water, flush toilet, and non-dirt floor) (see Frost,
Forste, and Haas, 2005, p. 400)
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pathways linking education and child nutritional status. They also find that the effect of
maternal education remains significant after controlling for all pathway variables as well
as geographic regions and place o f residence.
The review presented in this section is brief, emphasizing only major debates on
maternal education and child health outcomes. However, at least two observations can be
noted from the on-going debate. First, although the role o f maternal education on child
health outcome is obvious, there is a broad disagreement on the channels through which
maternal education influences child health in the long term (chronic case) and the short
term (acute case). Second, most o f the empirical evidence is on chronic than acute
malnutrition. Therefore, the objective o f this study is to contribute to the empirical
literature by considering the effect o f maternal education and selected pathway variables
on chronic and acute child malnutrition in Ethiopia.

5.3 Background: Child Nutritional Status in Ethiopia
The conventional measures o f child anthropometries show that the prevalence o f child
malnutrition in Ethiopia is among the highest in sub-Saharan Africa. In 2003, 52% o f
children were suffering from chronic malnutrition (stunting),

1 1

% from acute

malnutrition (wasting), and 47% from underweight. During the same period, the average
prevalence o f stunting, wasting, and underweight for African countries were 39%, 9%,
and 29%, respectively.

9S

A recently completed survey in Ethiopia, the 2005 EDHS,

shows a similar profde o f under-five malnutrition (Table 5.1).

25 According to online databases of United Nations Children’s Fund (UNICEF) and United Nations
Population Division.
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Another important feature o f child nutritional status in Ethiopia is that the
prevalence can be distinguished by selected background characteristics. Table 5.1
presents the performance o f child nutritional status by maternal education and place o f
residence in 2000 and 2005. It shows that the prevalence o f malnutrition among children
whose mothers have some education is lower than those whose mothers with no
education. The percent o f children malnourished consistently declines as the highest level
o f education attained by the mother increases from no education to primary education,
and then to secondary and higher education. The trend is consistent across different
indicators o f child malnutrition and survey years.

Table 5.1. Child Malnutrition by Maternal Education and Place of Residence
Background

% of children suffering from
Stunting
Wasting
Underweight
%
%
%
2000 2005 Change 2000 2005 Change 2000 2005 Change

Maternal education
-7.2 11.4 11.2
No education
52.9 49.1
-1.8 49.6 41.4
-16.5
Primary
49.1 39.8
-18.9
8.8 10.1
14.8 40.4 32.0
-20.8
Secondary & higher
6.7
-80.6 27.7 13.6
32.9 24.0
-27.1
1.3
-50.9
Place of residence
Urban
-29.6
5.5
14.6 33.7 22.9
-32.1
42.3 29.8
6.3
52.6 47.9
-8.9 11.1 10.9
-1.8 48.7 39.7
Rural
-18.5
51.5 46.5
-9.7 10.5 10.5
0.0 47.2 38.4
-18.6
Total
Source: 2000 and 2005 EDHS (Central Statistical Authority and ORC Macro, 2001, 2006).
Note: Stunted = height for age z-scores below -2SD; wasted = weight for height z scores
below -2SD; and underweight = weight for age z scores below -2SD (World Health
Organization, 1986).

Table 5.1 also shows that the prevalence o f malnutrition in general is lower in
2 0 0 5 than in 2 0 0 0 . T he percentage d eclin es over the period 2 0 0 0 —2 0 0 5 sh ow that the

reductions in child malnutrition (for stunting and underweight) is the highest for the
highest level o f maternal education (which is “secondary and higher education”) and the
lowest for the lowest level o f education (which is “no education”). However, there is no
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consistent decline for wasting. This could be due to the fact that stock variables such as
education and place o f residence better explain chronic outcomes such as stunting than
acute fluctuations in nutritional status.
As expected, the urban advantage presented in Table 5.1 is unambiguous when
the performance o f child nutritional status is disaggregated by place o f residence without
controlling for other factors. In addition, the comparison between the 2000 and 2005
survey results shows that the reductions in child stunting and underweight are larger in
urban than in rural areas. However, a number o f studies find that any conclusion based
on a simple bivariate relationship would be misleading because the “advantage” often
disappears when other important variables are included (Fotso, 2006).
The kernel density plots in Figures 5.1 and 5.2 corroborate the results in Table
5.1. Figure 5.1 shows that the distributions can be differentiated by maternal education in
national, rural, and urban samples.

In each panel, the dashed lines are to the right o f the

solid lines showing expected differences in height for age z-scores (HAZ) and weight for
height z-scores (WHZ) o f children by maternal education. The impact o f maternal
education is larger in HAZ and than in WHZ (compare columns: Panels A l, B l, and C l
vs. Panels A2, B2, and C2). It is also larger in rural than in urban areas (compare rows
Panel B l and B2 vs. Panels C l and C2).
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Figure 5.1. Density Estimates of HAZ and WHZ by Maternal Education
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Similarly, Figure 5.2 shows kernel density plots of HAZ and WHZ for national
(all), rural, and urban children by survey year. Each panel comprises two plots for each
survey year. The objective o f the plots in each panel is to show if there were changes in
the distribution between the two surveys. Panels D1 and D2 are for the national sample,
Panels E l and E2 are for the rural sample, and Panels FI and F2 are for the urban sample.
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In all the three cases, the densities in 2005 are to the right o f that o f the 2000, implying
improvements in child nutrition in 2005.
Figure 5.2. Density Estimates of HAZ and WHZ by Survey Year
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The significance of the differences o f child nutritional status by background
characteristics and time presented above (Figures 5.1 and 5.2 and Table 5.1) is checked
by a Kolmogorov-Smimov (KS) test o f equality between the two empirical distributions.
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In this regard, the three null hypotheses that are being tested include (1)
edu cation (z)~

F 2o o o (z)

Vz .

F

no

e d u c a tio n ,

(z)^ Z

, (2) Ho'. F

u rb a n (z)~

F

rura i(z

H o: F

some

) \ / z , and (3) H 0: F2005(z)=

The KS test is based on the largest absolute gap between the cumulative

distributions o f F , and F 0 where there are m observations for distribution 1 and n

observations for distribution

0

, i.e., F0( z ) = - t { 0 ^Lise and Fl( z ) = — z fc y‘fhzerwise ,
n i
m i

where z is an indicator o f child nutritional status, including HAZ, WHZ, and WAZ.
Then, the test statistic is obtained from the supermum of the absolute values o f the
differences

of

the

two

empirical

cumulative

distribution

functions,

i.e.,

D ^ max\F0( z ) - F l(z)\.
z

Table 5.2. Kolmogorov-Smirnov Test of Equality of Distributions
of HAZ, WHZ and WAZ by Selected Background Characteristics
Background Characteristics
Maternal education:
Some education vs. No education

Nutrition
Indicator
HAZ

WHZ
WAZ
HAZ
Place of residence: Urban vs. rural
WHZ
WAZ
HAZ
Survey year: 2005 vs. 2000
WHZ
WAZ
Note: The test compares cumulative distributions of
2005; ** = p-value<0.01.

National
Sample
0.150**

Rural
Sample
0.077**

Urban
Urban Sample
0.154**

0.115**
0.067**
0.182**
0.093**
0.207**
0.125**
0.246**
0.074**
0.079**
0.080**
0.084**
0.080**
0.089**
each malnutrition indicator

0.132**
0.182**
-

0.090**
0.090**
0.123**
in 2000 and

Table 5.2 presents results o f the KS test o f equality o f distributions for wasting26,
stunting, and underweight for national, rural, and urban samples. The p-values show that,
in all three cases, the null hypothesis that the two distributions are the same is rejected at

26 Although the test of equality of distribution shows that wasting has significantly declined in 2005, the
improvement in z-scores is to the right of the cutoff point, -2SD (Figure 5.2, Panel D2). Therefore, the
proportion of wasted children remains the same. However, the results in Table 5.2 imply that those children
who were not wasted in the 2005 sample had a better nutritional status than those in the 2000 sample
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less than 1% level of significance. Coupled with the density plots in Figure 5.2, the result
indicates significant improvement in child nutritional status.
It is important to note that the reductions in stunting and underweight during the
2000-2005 period are not only statistically significant but also have important economic
implications. In 2005 about 13 million (17%) o f the total Ethiopian population o f 77.4
million were between ages 0 and 4. Therefore, the decline in stunting by 5 percentage
points, i.e., from 51.5% in 2000 to 46.5% in 2005, implies that there were 653,000 fewer
stunted children in 2005 than there would have been if the percent o f stunting remained
the same as in 2000.
Similarly, the decline in underweight by 8.8 percentage points (from 47.2% in
2000 to 38.4% in 2005) would mean that there would be 1.15 million fewer underweight
children than there would have been if the percent o f underweight remained the same as
in 2000. Therefore, the questions that remain are: what are the relevant factors, and to
what extent do maternal education and its pathways explain child malnutrition in
Ethiopia?

5.4 Multivariate Analysis
5.4.1 The Empirical Framework
The standard procedure o f identifying the determinants o f child health outcomes involves
maximizing the household’s utility function subject to the biological or anthropometric
production function and other constraints

(Pitt and Rosenzweig 1985; Behrman and

Deolalikar, 1988; Thomas, Lavy, and Strauss, 1996; Webb and Block, 2004). Equation
(5.1) presents the household’s utility maximization problem, which is a function o f
//,(health status), Ft (food intake), Lt (leisure), and G, (consumption o f other goods).
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Health o f household members and food intake enter directly into the utility function
because health is good in itself and food is taken for reasons other than nutritional value.
The utility function may also be conditioned by observable individual characteristics (X,),
household

characteristics

(Xh),

community characteristics

(Xc),

and

unobserved

heterogeneity o f preferences (ipi).
m a x U = U(Hi,Fi,Li,Gi; X i, X h, X c, ¥ i )

U' ( - ) >0 , U”(-) <0

(5.1)

H,F,L,G

The household maximizes the utility function subject to a budget constraint and a
biological health production function given by
H i =H( Fi, M i, X i, X h, X c,rli) ,

(5.2)

where H t is nutritional status as measured in anthropometries outcomes (e.g., height or
weight), Mi are non-food health inputs, rji is unobserved individual health endowments,
and all other variables are as defined earlier. Then, the maximization problem leads to a
reduced form demand function for nutritional status:
H i = h ( X i, X h, X c,vi) ,

(5.3)

where v,- is unobserved nutritional outcome. Equation (5.3) provides a benchmark
specification for empirical analysis.27 Equation (5.3) basically specifies nutritional status
as a function o f individual, household, and community characteristics. An important
limitation o f this approach is that it does not allow inferring structural coefficients.
However, the reduced form equation is still informative about the effects on nutrition of
changes in the explanatory variables thereof.

Estimating structural equation involves endogenous factors such as child health inputs. However, due to
difficulties in finding instruments, most studies estimate conditional demand function given by Equation
(5.3) (e.g., Glewwe, 1999; Christiaensen and Alderman, 2004; Webb and Block, 2004; Frost, Forste, and
Haas, 2005).
27
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There exists tremendous variation in the specification o f the empirical model o f
child nutritional status. Variants o f the empirical models derived from Equation (5.3)
often emanate from the choice o f the dependent variable as well as the definition and
measurement o f individual, household, and community characteristics. The availability o f
data also dictates the empirical specification. Equation (5.3) can be rearranged to specify
an empirical model that distinguishes maternal education, pathway variables, and other
control variables.

5.4.2 Incorporating Pathway Variables
Four key pathways are considered: (1) socioeconomic status, (2) health-seeking behavior,
(3) knowledge o f health and family planning, and (4) reproductive behavior.
Socioeconomic status: Maternal education has a clear connection with the various
key elements o f socioeconomic status, including high-income job, possession o f assets,
better health, and sanitary conditions, to mention but a few.

The empirical evidence

demonstrates the existence o f a strong positive relationship28 between socioeconomic
status and child health outcomes. Therefore, socioeconomic status stands out to be an
important mediating factor between maternal education and child health.
Health-seeking behavior: Education can also influence health care utilization and
reproductive health behavior. As Pongou, Ezzati, and Salomon (2006) note, in some
traditional societies, education would provide the mother with the capacity to break with
some traditional practices and taboos. Education promotes modem attitudes, and hence
mothers with higher levels o f education are more likely to seek health care services from

28 Strong positive relationship with nutritional status means strong negative relationship with stunting and
wasting.
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health centers and health professionals. Educated mothers are also more likely to accept
and use family planning methods, including contraceptives.
Knowledge o f fam ily planning and health: Education enhances mother’s
knowledge of health, which is an important predictor o f child health outcome (Glewwe,
1999; Webb and Block, 2004). Health knowledge can directly be acquired from formal
education. Education can also facilitate the mother’s ability to understand the causation
and prevention methods of illness. It also enhances her knowledge o f nutrition and family
planning. However, Frost, Forste, and Haas (2005) review that the available empirical
evidence on the relationship between maternal knowledge o f and child health is
inconclusive.
Reproductive behavior. Reproductive behavior is another important link through
which education influences child health outcome. In general, educated women have more
control over their reproductive behavior and make conscious decisions— for example, on
the number o f births and intervals. Reproductive behavior is proxied by mother’s age and
selected child demographic characteristics. Relevant child characteristics include age,
sex, birth order, and preceding birth interval.
Vast evidence shows that the risk o f child malnutrition increases with age in
developing countries. Webb and Block (2004, p. 812) find, though, that HAZ and WHZ
decline with age with a positive second derivative. An explanation for this relationship is
the nutritional value o f breastfeeding that protects young children from the risk of
stunting or wasting at early age (e.g., Pongou, Ezzati, and Salomon, 2006) and,
potentially, shortage o f supplemental food in later months. In addition, some measures o f

It should be noted that, not all these demographic variables are responsive to maternal education.
Therefore, some such as sex and age of child are included as additional control variables.
29
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malnutrition, such as stunting, are results o f cumulative process o f inadequate dietary
intake and illness. Therefore, younger children are at lower risk (Webb and Block, 2004).
The rationale for including gender in the model o f child nutrition is to capture the
•

presence o f male-bias in intrahousehold allocation o f resources (Behrman, 1997).

30

However, the empirical evidence to support this hypothesis remains scarce. Based on a
review o f 306 child nutrition surveys conducted since 1985 in a number o f developing
countries, Marcoux (2002) finds no sex differences in 227 surveys. In fact, the evidence
from Africa and some other developing countries in Asia and Latin America shows that,
when significant differences exist, boys are more likely to be malnourished than girls.
Birth order measures parity while birth interval captures the care and support that
have been made available to the child. The empirical evidence on parity is mixed. For
example, in India, Jeyaseelan and Lakshman (1997) find that malnutrition is higher
among children o f higher birth order (5+). On the other hand, in Ethiopia, Girma and
Genebo (2002) find that the risk o f stunting is higher among first births. However, it is
common to find a result that supports the claim that the risk o f malnutrition declines with
birth interval (e.g., Pongou, Ezzati, and Salomon, 2006).
Finally, place o f residence and geographic regions are included as control
variables in most specifications. It should be noted however that these controls are also
influenced by maternal education.

Education increases mobility and creates more

opportunities in urban than rural areas. Desai and Alva (1998) find that in addition to

Another form of gender biased human capital outcome would result from fertility behavior. Jensen (2002)
argues that female children may have more siblings than male children as a result of son-preferring
differential-stopping behavior in fertility, i.e., on average, females come from a larger family size where all
children are worse off. Therefore, even if there is equal treatment at the household level, there may be
unequal outcome at aggregate level. In some traditional societies, son-preferring behavior would result in
inequalities in nutritional outcomes (Tarozzi and Mahajan, 2007).
30

101

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

socioeconomic factors, geographical controls are important links through which the
impact o f maternal education on child health outcome is mediated.

5.4.3 Data and Measurement of Variables

5.4.3.1 Data
The descriptions and analyses o f this study are based on the two waves o f the Ethiopia
Demographic and Health Survey (EDHS) available at the time o f writing (Central
Statistical Agency and ORC Macro, 2001, 2006). The first survey was completed in 2000
and the second survey was completed in 2005. The EDHS sample is stratified, clustered,
and collected in two-stage probabilistic sampling technique based on the list o f
enumeration areas o f the 1994 Population and Housing Census o f Ethiopia. Therefore, the
description and analysis undertaken in this study take into account the nature o f the data.
Accordingly, the sample weight, sample strata, and primary sampling units are included.
At the first sampling stage in the 2000 survey, 539 (138 urban and 401 rural) clusters
were selected. In the 2005 survey, 540 (145 urban and 395 rural) clusters were selected.
The second stage consisted o f the selection o f a representative sample o f households and
women aged 15-49 years old in each household. Accordingly, in the 2000 survey, 15,367
women from 14,072 households were selected. In the 2005 survey, 14,070 women from
14,500 households were selected. In both surveys, women were asked questions about
their children, especially for those younger than 5, and anthropometries measurements
(height and weight) were taken. In the 2000 and 2005 surveys, the total number of
children measured and whose mothers were also interviewed were 9,774 and 4,296,
respectively.
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S.4.3.2 Measurement o f variables
Dependent Variable- Child Nutritional Status: Long-term or chronic malnutrition is
measured by height for age (HAZ), while short-term or acute malnutrition is measured by
weight for height (WHZ). A child is deemed stunted if HAZ score is less than -2S D and
wasted if WHZ score is less than -2SD . Therefore, the dependent variable is a
dichotomous variable that takes 1 if the child is stunted or wasted, and 0 otherwise.
Explanatory Variables: The primary variables o f interest are maternal education
and pathway variables. The models are also controlled for geography (place o f residence
and regions) and survey year. The variables are measured as follows. The DHS data
compile maternal education in two different forms: single years and highest level o f
education. For ease o f interpretation, six categories are considered following the DHS
classification. These are: (1) no education, (2) incomplete primary education, (3)
complete primary education, (4) incomplete secondary education, (5) complete secondary
education, and (6) higher education. The corresponding values from the smallest to the
highest education category range from 0-5.
Socioeconomic status is measured differently in different studies. Frost, Forste,
and Haas (2005) construct two index variables from selected household assets and
dwelling characteristics. However, for this study the DHS wealth index is used because in
addition to a number o f household assets and dwelling characteristics, it considers the
household’s demographic structure.31 Assets and amenities included in the DHS wealth
index range from the possession o f items (e.g., bicycles, cars, radios, sofas, and

31 The pros and cons of the DHS wealth index have been noticed. On the one hand, the DHS surveys are
often implemented in countries where income itself may not be the most reliable-—or even available way
of measuring socioeconomic status. On the other hand, the index is constructed from urban-based social and
economic amenities and may be measuring urbanicity instead of socioeconomic status.
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televisions); dwelling characteristics, such as type o f flooring material or the level o f
overcrowding; household facilities such as source o f drinking water, type o f toilet facility,
and type o f cooking fuel; and other characteristics related to wealth status.
M other’s health-seeking behavior is an index variable constructed from utilization
o f selected preventive health care services It is constructed by principal component
analysis from four related variables included in the EDHS (Table 5.3). These are: (1)
received prenatal services from a health professional or a trained birth attendant; (2)
delivered a baby at a health center (hospital, clinic, others); (3) have used contraceptive;
and (4) received tetanus injection before birth.
Similarly, maternal knowledge o f family planning and health is an index variable
constructed from selected variables available in the 2000 and 2005 EDHS. Health
knowledge is measured by knowledge o f oral rehydration therapy, i.e., if the woman
heard o f or used oral rehydration therapy. Family planning knowledge is measured by
knowledge o f ovulation cycle, i.e., if the woman knows when during her ovulation cycle
she can get pregnant. Additional factors included in the knowledge index are proxies o f
family planning information from radio, TV, newspaper, and frequencies o f reading
newspaper, listening to radio, and watching TV (Table 5.3).
Reproductive

behavior is proxied by maternal

age

and

selected

child

characteristics such age, sex o f child, birth order, and birth interval. Child age is in
months and maternal age is in years. Both are in logs. The remaining— namely, sex o f
child, birth order, and preceding birth intervals— are dummy variables.

104

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 5.3. Factor Analyses of Health-Seeking Behavior and Knowledge Indices
Variable__________________________________________ Sample Mean Factor Loadings

a

Health-Seeking Behavior Index
0.051
0.491
Delivered a baby in modem health facility
0.276
0.546
Received prenatal from a health professional
0.313
0.490
Received tetanus injection before birth
0.186
0.470
Used contraceptive
Knowledge Index
0.570
0.185
Has heard of oral rehydration therapy
0.408
0.135
Knows when in ovulation cycle can get pregnant
0.062
0.377
Frequency of reading news paper
0.457
0.381
Frequency of listening to radio
0.099
0.439
Frequency of watching TV
0.176
Heard of family planning from radio
0.378
0.026
0.429
Heard of family planning from TV
Read about family planning from newspaper
0.019
0.376
Source: EDHS 2000 and 2005 (Central Statistical Authority and ORC Macro, 2001, 2006)
Note: a is a reliability coefficient or Cronbach’s alpha, which is greater than 0.7 in both cases,
which is within acceptable range.

Finally, Table 5.4 presents descriptive statistics o f the m odel’s variables included
in the regressions, excluding control dummy variables for place o f residence and
geographic regions. As discussed earlier in Section 2, the first four variables in Table 5.4
show improvement in child nutritional status over the period 2000- 2005. For example,
percent o f children suffering from stunting declined from 51% to 46%; and HAZ
increased from -2.06 to -1.77. Similarly, although percent o f children suffering from
wasting remained at about 11%, the mean value increased from -0.78 to -0.58.32
Similarly, improvements were also registered in maternal education and pathway
variables including socio-economic status, health-seeking behavior and knowledge of
family planning and health.

Percent stunted and HAZ measure long-term malnutrition but in opposite directions. Similarly, percent
wasted and WHZ measure short-term malnutrition in opposite directions. The discussion in Section 3.2 is
based on z scores. The multivariate analysis is based on the likelihood of being stunted or wasted.
32
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Table 5.4. Descriptive Statistics of Model Variables_______
Variables
Min
-5.99
-3.99

2000 EDHS
Max Mean
5.84
-2.06
5.71
-0.78
1
0.51

2005 EDHS
Max Mean
-1.77
5.78
-0.58
5.91
1
0.46

SD
Height for age (HAZ) z-score
0.05
Weight for height (WHZ) z-score
0 .0 2
0.03
Stunted (HAZ<-2SD=1) (b)
0
0 .0 1
0 .0 1
0
Wasted (WHZ<-2SD=1) (b)
0
1
0 .1 1
0 .0 1
0
1
0 .1 1
0 .0 1
0
Maternal education
5
0.30 0 . 0 2
0
5
0.32 0 . 0 2
Wealth index
-0.41 0 . 0 2
-0.36 0 . 0 2
-1.05
3.43
-3.10
3.76
Health index
-0.29 0.04 -1.16
-0.09 0.04
-1.16
4.85
3.68
Knowledge index
-0.23 0.03 - 1 . 2 0
-0.18 0.03
-1 .2 0
9.94
9.94
Child: Gender (Male=l) (b)
0.51 0 . 0 1
0.51 0 . 0 1
0
1
0
1
Child: age (months & in logs)
3.14 0 . 0 1
3.10 0 . 0 1
0 .0 0
4.09
0 .0 0
4.09
Child: age squared
10.62
0.05
10.45
0.07
0 .0 0
16.76
0 .0 0
16.76
Child: Birth order >3 (b)
0
1
0.51 0 . 0 1
0
1
0.53 0 . 0 1
Child: Birth interval > 2years (b)
0
1
0.65 0 . 0 1
0
1
0.65 0 . 0 1
Mother: age (years & in logs)
3.36 0 . 0 0
3.35 0 . 0 0
2.71
3.89
2.71
3.89
Mother: age squared
7.33
15.14
11.33 0.03
11.27 0.03
7.33
15.15
Source: 2000 and 2005 EDHS (Central Statistical Authority and ORC Macro, 2001, 2006).
Note: (b )= binary indicators; Min = minimum value; Max = maximum value; and SD = standard
deviations.
SD
0.03

Min
-5.98
-3.99

5.5 Results and Discussion
The multivariate analysis results are based on the estimation o f the various specifications
of Equation (5.3). As indicated earlier, the dependent variable is a dichotomous variable.
Therefore, the models are estimated using logistic regression. The logistic regression
model fits the log odds or logits by a linear function o f the explanatory variables as
follows: logit(pi ) = ln [ -^ -J = a + x ' /?, where p,- is the probability that the child is
stunted or wasted conditional on x , which is a vector o f explanatory variables included in
Equation (5.3); ln [ - ^ f] is the log odds o f the outcome; and a and |3 are the parameters to
be estimated.
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5.5.1 Maternal Education and Chronic Malnutrition
Table 5.5 reports the log odds o f various specifications o f chronic malnutrition, stunting.
Model 1 is the baseline model with only maternal education included as a primary
IT

explanatory variable after controlling for survey year.

Model 2 adds geographic

controls (place o f residence and regions) to Model 1. Models 3-6 each add a pathway
variable to the baseline model after controlling for place o f residence, regions, and survey
year. In this row, Model 3 is the socioeconomic status model; Model 4 is the healthseeking behavior model; Model 5 is the knowledge model; and Model 6 is the
reproductive behavior model. Finally, Model 7 presents the full model with all the
primary explanatory variables and control variables included.
Maternal education is significant in the baseline model (Model 1), where it is
controlled only for survey year. Model 2 shows that the addition o f geographic controls to
the baseline model reduces the education effect while the significance o f the education
variable remains unchanged. Models 3-6 show that, except for the health-seeking
behavior, all other pathways (socioeconomic status, knowledge, and reproductive
behavior) are significant, and the education effect is significant but lower in absolute
value when compared to the baseline model. However, in the full model (Model 7),
maternal education, socioeconomic status and some reproductive behavior variables are
significant. The decline in the significance o f some o f the pathway variables could be due
to multicollinearity either with maternal education or socioeconomic status or both.
The top row o f Table 5.5 shows that the log odds associated with maternal
education decline from 0.27 to 0.16 in absolute value. It appears that each level o f

The pooled (2000 and 2005) data are used in all models. Therefore, all are controlled for a survey year
dummy.
33
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education decreases the relative probability o f stunting by 24% ( = [1-exp (log
odds)]*100) in the baseline model.34 The impact declines to 15% in the full model (see
also Table 5.8). Therefore, the decline o f the direct effect from 24% to 15% means that
the pathways and geographic controls explained only about 38% o f the education effect.
Referring to the full model (Table 5.5, Model 7), the important predictors o f
stunting are, therefore, maternal education, socioeconomic status, and reproductive
behavior. Socioeconomic status is the most important predictor o f stunting as
demonstrated by the magnitude o f the coefficient (log odds) and its significance. The
likelihood o f stunting also increases with child age at a decreasing rate and decreases with
maternal age at a decreasing rate. Similar to earlier findings in Africa and other
developing countries (e.g., Marcoux, 2002), but in contrast to other studies on Ethiopia
(e.g., Girma and Genebo, 2002), the male dummy is significant, implying that male
children are more likely to be stunted than females.
The place o f residence dummy (urban = 1) is insignificant in all models. The
result is expected in multivariate setting due to the fact that the “urban advantage” is
captured by other better measures o f urban-based social and economic amenities (Fotso,
2006). However, some regions (Tigray, Afar, Amhara, Oromyia, Somali, and SNNP) are
found significantly different from the reference region, Addis Ababa (Model 2). A child
from one o f these regions is more likely to be stunted when compared to a child from the

34

For a unit increase in the j threpressor, the derivation and interpretation is as follows: exp(x' fi) increases

to exp(x'P + fi j ) —exp(x'/3)* exp(fij )

.

Hence the odds ratio [ -~ j-] increases by a multiple

exp(Pj ) . Thus, for example, the logit slope parameter of

0 .1

means a unit increase in the regressor

multiplies the initial odds ratio by exp(O.l) = 1.105, which is a proportionate increase of 0.105 times the
initial odds ratio. Therefore, the relative probability of being stunted increases or decreases (depending on
the sign of the coefficient in the logit model) by 10.5 percent (Cameron and Trivedi, 2005, p. 470).
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reference region, Addis Ababa. The regional variation obtained in Models 2 -6 could be
due to differences in the level o f urbanization.
Table 5.5. Logistic Estimates of Child Stunting (pooled sample)
Variable
Maternal education
Socioeconomic status
Health-seeking behavior
Knowledge

Model 1 Model 2 iModel 3 1Model 4 ]Model 5
-0.27** -0.23** -0.19** -0.23** -0.17**
(-7.41) (-5.46) (-4.31) (-4.70) (-3,56)
-0.28**
(2.96)
-0.04
(-1.38)
-0.08**
(-2.07)

Model 6
-0.23**
(-5.44)

Reproductive behavior
Child: gender (Male=l)
Child: age (In)

Model 7
-0.16**
(-2.65)
-0.37**
(-3.40)
-0.05
(-1.60)
-0.04
(-0.80)
0.17**
(2.89)
3.85**
(9.51)
-0.50**
(-7.40)

0.09
(1.94)
3.86**
(11.18)
Child: age squared
-0.52**
(-9.34)
Child: birth order >3
0.28**
0 .1 2
(3.58)
(1.23)
Child: birth interval >2 years
-0.08
-0 . 1 1
(-1.34)
(-1.38)
Mother: age (In)
7.76**
6.87*
(2.63)
(2.09)
Mother: age squared
- 1 .2 1 ** -1.07**
(-2.78)
(-2 .2 1 )
Residence: (Urban=l)
-0.06
0.25
-0 . 0 1
0.04
-0.09
0.34
(-0.35)
(1.15) (-0.05)
(0.18)
-(0.49)
(1.33)
Survey year: (2005=1)
-0.19** -0.18** -0.16**
-0 . 1 1 -0.17**
-0 . 2 2
-0.08
(-3.06) (-2.97) (-2.62) (-1.49) -(2.84)
(-3.36)
(- 1 . 1 2 )
0.13 -0.54**
-0.43* -0.53** -0.53** -19.77** -18.20**
Constant
(3.38) (-2.70) (-2.24) (-2.67) (-2.78)
(-3.94)
(-3.29)
Regional variation? a
Yes
Yes
Yes
Yes
Yes
Yes
Nob
Pseudo R square
0 .0 1
0 .0 2
0 .1 0
0 .0 2
0 .0 2
0 .1 0
0.13
Log Likelihood
-9,704
-9,632
-9,620
-6,484
-9,556
-8,844
-5,681
3 4 3 **
LRChi2
186**
331**
355**
245**
1,909** 1,764**
# of observations
12,463
12,463 12,463
8,572
12,350
12,463
8,498
Note: t-statistics in parentheses; * and ** denote significance at 5% and 1% level, respectively; a regional
variation refers to the 11 geographic regions with Addis Ababa as a reference category; b no variation for
most regions except for Dire, Dawa, and Gambella regions, where they are found better than the reference
category.

Finally, the discussion in Section 5.3 presented significant changes in stunting
over time. The results o f the full model in Table 5.5 show that the survey year dummy is
insignificant, suggesting the absence o f difference between 2000 and 2005 when other
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factors are considered. The change is attributable to changes in other factors including
maternal education, socioeconomic status and reproductive behavior.

5.5.2 Maternal Education and Acute Malnutrition
Table 5.6 reports logistic regression results o f acute malnutrition, wasting. The
presentation in Table 5.6 follows the approach used earlier in Table 5.5. Therefore, the
first row in Table 5.6 demonstrates how the effect o f education on wasting changes as a
new pathway variable is included in the baseline model.
The comparison o f results in Table 5.5 and Table 5.6 would show the differences
and common features of models o f chronic and cute malnutrition. First, in Table 5.6,
maternal education is insignificant in all but in the baseline model. Second, both
education and pathway variables are also insignificant in the health-seeking behavior and
knowledge models. However, similar to the chronic malnutrition case, socioeconomic
status and selected reproductive behavior variables are significantly related to acute
malnutrition. In addition, geographic and survey year controls are found to have a similar
pattern.
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Table 5.6. Logistic Estimates of Child Wasting (pooled sample)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
-0 . 1 2
-0.081
-0.23**
-0 . 1 1
-0.06
-0 . 1 0
-0.08
(-4.05) -( 1 .8 8 ) (-0.87) (-1.48) (- 1 .2 1 ) (-1.90) (-0.98)
Socioeconomic status
-0.42**
-0.41**
(-2.63)
(-3.10)
-0.04
Health-seeking behavior
-0.06
(-0.79)
(-1.26)
0.03
Knowledge
-0.04
(-0.77)
(0.58)
0 .2 0 *
Reproductive behavior
0.14
(2.35)
Child: gender (Male=l)
(1.81)
Child: age (In)
3.13** 3.44**
(6 . 1 1 )
(5.21)
Child: age squared
-0.59** -0.64**
(-6.64) (-5.39)
Child: birth order >3
0 .1 2
-0.03
( 1 . 1 1 ) (-0.25)
Child: birth interval >2
0.14
0.23*
(2.08)
(1.55)
7.84
Mother: age (In)
7.84
(1.54)
(1.57)
Mother: age squared
-1.15
-1.07
(-1.56) (-1.54)
Residence: (Urban=l)
-0.56**
-0 . 1 1
-0 . 0 1
-0.45* -0.52* -0.54**
(-2.83)
(-.45) (-2.07) (-2.43) (-2.63) (-0.04)
Survey year: (2005=1)
-0 . 0 1
-0.07
-0.04
-0.08
-0.07
-0.06
-0.05
-(0.16) (-0.79) (-0.78) (-0.82) (-0.76) (-0.67) (-0.51)
Regional variation? a
Yes
Yes
Yes
Yes
Yes
Yes
NO
Pseudo R square
0 .0 0
0 .0 1
0 .0 1
0 .0 1
0 .0 1
0.04
0.03
Log likelihood
-4,820 -4,790 -4,780 -3,518 -4,756 -4,669 -3,399
LRChi2
33.3** 94.6** 113.7** 75.4** 9 4 9 ** 342**
284**
# of observations
12,637 12,637 12,637
9,601
8,660 12,637
8,585
Variable
Maternal education

Note: t-statistics in parentheses; * and ** denote significance at 5% and 1% level, respectively; a
regional variation refers to the 11 geographic regions with Addis Ababa as a reference category;
b no variation for all regions except for Somali Region where the likelihood of child wasting is
found larger than the reference category.

5.5.3 Robustness Tests: Alternative Sample Domains
Tables 5.7 and 5.8 report logistic regression results o f the full models o f stunting and
wasting, respectively, based on alternative sample domains. The estimations are based on
a disaggregated data by survey year and place o f residence. Each table incorporates four
models. The first two models are for each survey year: 2000 and 2005. The third and the
fourth models are for rural and urban children, respectively.
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The results in Table 5.7 are generally similar to the results in Table 5.5.
Accordingly, socioeconomic status is significant in all cases. Education retains its
significance in two o f the four cases. Health-seeking behavior and knowledge are
insignificant in most cases. However, health-seeking behavior appears significant in the
urban model. Likewise, the results in Table 5.8 are similar to that o f Table 5.6. In most
cases maternal education and its pathways are insignificant.

Table 5.7. Logistic Estimates of Child Stunting
by Survey Year and Place of Residence
2000

2005

Rural

Urban

-0.18 (-2.04)*
-0.14 (-1.76)
-0.21 (-2.73)**
-0.07 (-0.63)
Maternal education
Socioeconomic status
-0.37 (-2.74)** -0.48 (-2.33)*
-0.36 (-2.60)**
-0.61 (-2.71)**
Health-seeking behavior
-0.06 (-0.98)
-0.03 (-0.73)
-0.05 (-1.35)
-0.13 (-1.98) *
-0 . 0 1 (-0 .2 0 )
-0.05 (-0.95)
Knowledge
-0.05 (-0.80)
0 . 0 0 (-0 .0 2 )
Reproductive behavior
0.23(3.75)**
Child: gender (Male=l)
0.16(2.42) *
0.19(1.80)
-0.38 (-1.92)
4.03 (9.94)**
Child: age (In)
3.70(7.46) ** 4.27(6.84) **
1.91(1.55)
Child: age squared
-0.47 (-5.71)** -0.58 (-5.42)**
-0.53 (-7.68)**
-0.19 (-0.93)
0.16(1.66)
Child: birth order >3
0.08(0.63)
0.26(1.59)
-0.08 (-0.19)
0.02(0.17)
-0.09 (-1.11)
Child: birth interval >2
-0.17(-1.68)
-0.23 (-1.08)
Mother: age (In)
5.89(1.76)
10.35(2.61) ** -2.93 (-0.52)
16.49(1.27)
Mother: age squared
-0.93 (-1.89)
-1.56 (-2.69)** 0.34(0.41)
-2.43 (-1.26)
Residence: (Urban=l)
0.36(1.04)
0.26(1.02)
--Survey year: (2005=1)
-0.07 (-0.84)
-0.37 (-1.67)
-Constant
-23.97 (-3.58)** -1.94 (-0.21)
-16.63 (-2.95)** -31.07 (-1.48)**
Yes
Regional Variation?
No
No
Yes
Pseudo R square
0.14
0.14
0.14
0.15
-4,014
-1,654
Log Likelihood
-5,079
-550
LRChi2
1,254
1,586
527
194
2,527
6,600
# of Observations
5,971
1,450
Note: t-stat in parenthesis; * and ** denote significance at 5% and 1% level, respectively; pooled
data is used for rural and urban models; urban regions (Addis Ababa, Dire Dawa, and Harari) are
excluded in the rural model and the reference category in the rural model is Tigray; the reference
category for regional dummies in all other models is Addis Ababa.
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Table 5.8. Logistic Estimates of Child Wasting
_______ by Survey Year and Residence_______
0.03 (0.36)
-0.34(-1.82)
-0 . 0 1 (-0 .2 1 )
-0.04 (-0.62)

2005
-0.35 (-2.33)*
-0.63 (-1.88)
-0.08 (-0.93)
0.15(1.54)

0.18(1.72)
4.46(6.06)**
-0.81 (-6 .2 1 )**
0.03(0.21)
0.45(3.48)**
2.37(0.39)
-0.35 (-0.39)
-0.12 (-0.36)

0.26(1.71)
1.75(1.62)
-0.34 (-1.74)
-0.07 (-0.29)
-0.33 (-1.66)
21.11(2.27)*
-3.09 (-2.26)*
0.20(0.35)

2000

Maternal education
Socioeconomic status
Health-seeking
Knowledge
Reproductive behavior
Child: gender
(Male=l)
Child: age (In)
Child: age squared
Child: birth order >3
Child: birth interval >2
Mother: age (In)
Mother: age squared
Residence (Urban=l)

Rural
-0.15 (-1.48)
-0.41 (-2.05)*
-0.03 (-0.61)
0.03 (0.40)

0.19(2.06)*
3.40(4.93)**
-0.63 (-5.10)**
-0.07 (-0.51)
0.24 (2.08)*
9.63(1.82)
-1.40 (-1.81)

Urban
0.09(0.51)
-0.35 (-1.31)
-0.09 (-0.90)
-0 . 0 1 (-0 . 1 1 )

0.45(1.31)
4.40(2.05)*
-0.78 (-2.04)*
0.26(0.56)
0.21(0.51)
-11.16 (-0.52)
1.55(0.48)

-0.04 (-0.37)
Survey year (2005=1)
-0.15 (-0.28)
-40.40 (-2.58)** -22.97 (-2.57)**
Constant
-12.14 (-1.17)
11.37(0.33)
No
Regional variation?
No
Yes
Yes
0.04
Pseudo R square
0.06
0.05
0 .1 0
Log likelihood
-947
-3,149
-224
-2,405
2,527
6,682
# of observations
6,058
1,454
Note: t-stat in parenthesis; * and ** denote significance at 5% and 1% level, respectively; pooled data
is used for rural and urban models; urban regions (Addis Ababa, Dire Dawa, and Harari) are excluded
in the rural model and the reference category in the mral model is Tigray; the reference category for
regional dummies in all other models is Addis Ababa.

5.5.4 Discussion
Table 5.9 summarizes the results and compares the effect o f maternal education on child
nutritional status by model type and measure o f malnutrition. The log odds in Table 5.9
are obtained from the first rows in the previous tables (Tables 5.5-5.8). The impact of
each level o f education on the relative probability o f being stunted or wasted is calculated
accordingly, i.e., (l-exp(log odds)).
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Table 5.9. The Effect of Maternal Education and Pathway Variables
____________ on Stunting and Wasting by Model Type____________

Model Type

Acute Malnutrition (Wasting)
Chronic Malnutrition (Stunting)
1 -exp
1-exp
Pathway
Pathway
(log Education
log
(log
Education variable
log
variable
odds odds) significant? significant? odds odds) significant? significant?
-0.23 0 . 2 0
Yes
-0.27
0.24
Yes
-0 . 1 1 0 . 1 0
No
0 .2 1
Yes
Yes
-0.23
Yes
Yes
-0.06 0.05
No
Yes
0.17
Yes
-0.19
0 .2 1
No
-0 . 1 0 0 . 1 0
No
No
-0.23
Yes
Yes
-0.08 0.08
No
No
-0.17
0.16
Yes
Yes
-0 . 1 2 0 . 1 1
No
-0.23
0 .2 1
Yes
Yes

Baseline
Geographic
SES
Health-seeking
Knowledge
Reproductive
Full model
National
-0.16
-0 . 2 1
Rural sample
Urban sample
-0.07
2 0 0 0 sample
-0.14
2005 sample
-0.18
Note: SES is socioeconomic

Yesa
-0 . 1 2 0 . 1 1
0.15
Yes
Yesa
-0.15 0.14
0.19
Yes
Yes
-0.09 0.09
0.07
No
Yes
0.03 -0.03
0.13
No
Yes
-0.35 0.30
0.16
Yes
status;a some pathways only (mostly SES).

No
No
No
No
Yes

Yesa
Yesa
No
No
No

The summary o f results in Table 5.9 indicates that the maximum effect o f
maternal education on stunting and wasting is observed in the baseline model. It is 24%
for stunting and 20% for wasting. In the full model, the effect declines to 15% for
stunting and 11% for wasting. The table also shows that maternal education and its
pathways are more relevant to explain stunting than wasting.

Except for the baseline

model, maternal education is not significant in all other models o f wasting. Another
important observation is that the direct effect o f maternal education is larger in the rural
than urban areas. Each level o f maternal education in the rural sample reduces the relative
probability o f stunting by 19%. However, it is not significant in the urban areas.
Socioeconomic status is the most import factor o f all pathways in mediating the
impact o f maternal education on child nutritional status. It is significant in all sample
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categories o f stunting and in the national and rural models o f wasting.35 The results imply
that policies and programs intended to reduce child malnutrition and hence child
mortality would primarily focus on targeting the various key elements o f socioeconomic
status.

Socioeconomic status in this study is measured by the DHS wealth index. Its

specific misgivings would make it less amenable to policy. First, the key elements from
which the DHS wealth index is constructed are predominantly urban based. Therefore,
the index could simply be measuring urbanicity. Second, different elements contribute to
the index differently. Therefore, the part o f the index that essentially is driving the impact
on child health requires explanation.
Overall, the results obtained for chronic and acute child malnutrition are in line
with earlier related works on other countries, including Frost, Forste, and Haas (2005) for
Bolivia, and Webb and Block (2004) for Indonesia. The findings are also robust to
changes to sample domains. Disaggregating the sample by survey year and place of
residence did not change the results substantially. However, the inability to explain the
full effects o f maternal education in chronic malnutrition and its erratic relationships with
acute malnutrition is an important limitation to the analysis presented in this study. The
problem could be due to the presence o f other channels that are not considered in this
study or measurement error in the variables from which the indices o f the pathways are
constructed. Future work on the issue using a different data set and a different country
would add more insight in the relationship between maternal education and child
nutritional status.

35 The minimum level of significance employed in this study is 5%. However, socioeconomic status is
significant at the 10% level in the 2000 and 2005 samples. All other pathways are very far from that.
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5.6 Summary and Conclusions
This study models the impact o f maternal education and its pathways on chronic and
acute child malnutrition in Ethiopia using the 2000 and 2005 Demographic and Health
Surveys. The pathways examined in this study are socioeconomic status, maternal healthseeking behavior, maternal knowledge o f health and family planning, and reproductive
behavior. The logistic models o f stunting and wasting are estimated for various sample
categories, including the national, rural, and urban samples, and the 2000 and 2005
samples.
Maternal education works through all pathways except health-seeking behavior.
Each level o f maternal education reduces the relative probability o f being chronically
malnourished by 15%. However, no direct effect o f maternal education is obtained on
acute malnutrition. Overall, maternal education and its pathway explain chronic
malnutrition better than acute malnutrition. The claim that maternal education is the
single most important predictor o f malnutrition would be oversimplification.
Socioeconomic status is the most important pathway linking maternal education
and child nutritional status. It is significant in both models o f chronic and acute
malnutrition. Although girls’ education is a high policy priority, it may take time before
its direct and indirect impacts substantially improve child health outcomes. Faster results
would require direct interventions on key elements o f socioeconomic status.
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